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SYS Tm REQUIREME3TS 
FOR C'NDEEGROUND UTLLITY INSTALLATION 

W. J. Boegly, Jr., W. L. G r i f f i t h ,  and W S  C .  TJlrich 

ABSTRACT 

A s  a. p a r t  of an e f for t  t o  assess t h e  s t a t e  of 
t h e  a r t  of new tunne l ing  technology a n d  t o  determine 
t h e  a p p l i c a b i l i t y  o f  tunnel ing  methods t o  u t i l i t y  
i n s t a l l a t i o n ,  system requirements f o r  the i n s t a l l a -  
t i o n  of underground u t i l i t i e s  have been developed. 
The c h a r a c t e r i s t i c s  of t y p i c a l  u t i l i t y  systems are 
descr ibed  and analyzed t o  determine areas where 
c e r t a i n  methods of  i n s t a l l a t i o n  may provide  advan- 
t ages  O V ~ T  o t h e r  a l t e r n a t i v e s .  Both t r ench ing  arid 
t unne l ing  techniques as means of provid ing  t h e  
i n s t a l l a t i o n  spa re  a r e  assessed .  

i n s t a l l a t i o n  of u t i l i t i e s  by tunne l ing  methods 
i s  g e n e r a l l y  more expensive a t  p re sen t  than by 
t r ench ing  except when t h e  u t i l i t y  i s  i n s t a l l e d  a t  
g r e a t  depths. However, i f  prima-ry d i s t r i b u t i o n  
l i n e s  are i n s t a l l e d  a t  great depths,  t h e r e  may be 
problems i n  making s e r v i c e  connectiorls. The use 
of " u t i l i t y  tunnels"  o f f e r s  an a t t r a c t i v e  s o l u t i o n  
t o  u t i l i t y  problems i n  dense urban areas, but  they  
r e q u i r e  a h igh  i n i t i a l  investment whether cons t ruc ted  
by tunne l ing  o r  t r ench ing  techniques.  

If s e v e r a l  u t i l i t i e s  are t o  be  d i r e c t l y  buried 
i n  t h e  same right-of-way, t h e  j o i n t  o r  common use 
of t h e  same trench a-ppears t o  o f f e r  advantages.  
Conduit systems capable  of con ta in ing  both  cab le s  
and p ipes  also o f f e r  a p o t e n t i a l  f o r  minimizing 
t h e  excavat ion necessary  f o r  i n s t a l l a t i o n  and main- 
tenance. 

1. INTRODIJC TI ON 

The U. S. Department of Housing and Urban Development (HUD) I s  

r e spons ib l e  f o r  the a p p l i c a t i o n  of new technology t o  t h e  s o l u t i o n  of 

urban problems. One example of t h e  d i r e c t i o n  taken  i n  f u l f i l l i n g  t h i s  

r e s p o n s i b i l i t y  i s  t h a t  of i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of i n s t a l l i n g  



underground u t i l i t i e s  using tunne l ing  i n s t e a d  of t renching.  A p r i n c i p a l  

advantage of tunne l ing  i s  t h e  p o t e n t i a l  f o r  reducing su r face  excavation 

and t h e  a t t e n d a n t  t r a f f i c  i n t e r f e r e n c e  and no i se  a s soc ia t ed  with t r each -  

i c g .  The Oak Ridge Na t iona l  Laboratory was requested by HUD t o  a s s e s s  

t h e  s t a t e  of t h e  a r t  of t unne l ing  technology and to determine t h e  a p p l i -  

c a b i l i t y  of t a rme l ing  methods t o  u t i l i t y  i n s t a l l a t i o n .  The purpose of 

t h i s  r e p o r t  i s  to d e s c r i b e  t h e  system requirements f o r  t h e  i n s t a l l a t i o n  

of underground u t i l i t y  d i s t r i b a t i o n  networks i n  e x i s t i n g  urban a reas .  

The descr ibed system i s  t o  be capable  of c a r r y i n g  out  all of the  f u n c t i o n s  

necessary Cor t h e  i n s t a l l a t i o a  and  ope ra t ion  of a u t i l i t y .  Both t rench-  

i n g  and tunne l ing  techniques as a means f o r  p rov id ing  i.nstaLZation space 

are  assessed. The c u r r e n t  s t a t u s  of t unne l ing  technology i s  reviewed i n  

two companion r e p o r t s .  
1,P 

In t h i s  a n a l y s i s ,  i t  has been assumed t h a t  wholesale r e b u i l d i n g  and 

replacement of e x i s t i n g  u t i l i t i e s  i n  dense urban a r e a s  w i l l  not occur. 

I n  s p e c i a l  i n s t a n c e s  such as urban renewal arid freeway c o n s t r u c t i o c  when 

major u t i l i t y  r e l o c a t i o n s  a r e  required,  i nco rpora t ion  of  new concepts 

such as u t i l i t y  t unne l s  may be p r a c t i c a l .  However, i n  any n e w  u t i l i t y  

i n s t a l l a t i o n  (even those  invo lv ing  a ve ry  f e w  u t i l i t i e s ) ,  t h e  concepts 

ou t l ined  i n  t h i s  r e p o r t  can be appl ied.  

The upgrading afid extension of u t i l i t y  systems j s  a constant  a p d  

necessary process.  I n  most urban a r e a s  t h e  space beneath t h e  s t r e e t  i s  

congested w i t h  buried u t i l i t i e s ,  and r e p a i r s  or ex tens ions  of t h e s e  

u t i l i t i e s  are complex and expensive. Furthermore, new u t i l i t y  i n s t a l l a -  

t i o n s  o r  ex tens ions  may well have t o  be l o c a t e d  below an i n t e r l o c k i n g  

a r r a y  of e x i s t i n g  u t i l i t i e s  i n d i c a t i n g  t h a t  t unne l ing  methods may be a 

s o l u t i o n  f o r  f u t u r e  u t i l i t y  i n s t a l l a t i o n s .  Also, t h e  advent of new 

underground u t i l i t y  systems, such as pneumatic m a i l  t r anspor t ,  c e n t r a l  

h c a t i r g  and rool ing,  commnity antenna t e l e v i s i o n  c i r c u i t s  (CATV), and 

pneumatics s o l i d  waste t r a n s p o r t  p i p e l i n e s  w i l l  c r e a t e  an nddLtiona1 

demand for underground space. How t h e s e  new u t i l . i t i e s  could b e  l o c a t e d  

within t h e  e x i s t i n g  networks of buried pipes anci cab le s  p r e s e n t s  a 

s i g n i f i c a n t  problem. F ig .  1.1 i l l u s t r a t e s  t h e  t a n g l e  of pipes  a n d  c a b l e  

duc t s  under a t y p i c a l  s t r e e t  i n  N e w  York C i t y  i n  1516; one can only won- 

d e r  what t h i s  i n t e r s e c t i o n  would look l i k e  today i f  i t  were dug up. 
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F i g .  1.1 Corner of' Wall a n d  W i l l i a m  S t r e e t s ,  New York C i t y  i n  1916 
Showing Complexity of Underground U t i l i t y  Systems. (Photo Courtesy 
of Consolidated EdFeon Company of New York) 

Because of the overlapping t h a t  e x i s t s  i n  many cities, the cos t  of change 

i s  hi.gh. Receiitly, f o r  exanple, i n  a 1600 ft. extensi.on of t h e  6th  Avenue 

subway Ltnz i n  New York, only t h e  u t i l i - t i e s  t h a t  wou1.d i r i t e r f e r e  wit,h Lbe 

subway were r e l o c a t e d ;  however, t h e  cos t  of t h i s  r e l o c a t i o n  and t h e  need 

t o  maintain continuity of utility- s e r v i c e  was .about $2,000,900 out of t he  
total c o n t r a c t  p r i c e  of $7,500,000: 3 

Not only are u - t i l i t y  extenstons i.n w b a n  a r e a s  c o s t l y ,  there a r e  t h e  

a t t e n d a n t  problems of noi.se, d i r t ,  and i n t e r f e r e n c e  and d e l a y s  i n  pedes- 

t r i a n  and v e h i c u l a r  t r a f f i . c .  Other i n t a n g i b l e  cost  items such as wear 

and tear  on pavement r e s u l t i n g  i n  t h e  need f o r  more f r equen t  repaving, 

increased wear on vehicles and inc reased  f u e l  cocsumption due t o  dekoixs ,  

and t h e  c o s t  of  t r a f f i c  a c c i d e n t s  caused by roadway i n t e r f e r e n c e  are a l s c  

presen-t, but  a r e  much rnore d i f f i c u l t  t o  assess. Another f a c t o r  whi.ch 
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m u s t  be kept i n  mind when d i s c u s s i n g  u t i l i t y  i n s t a l l a t i o n s  i s  t h a t  much 

of t h e  darnage caused t o  e x i s t i n g  u t i l i t i e s  i s  a d i rec t ,  r e s u l t  of t h e  
h 

i n s t a l l a t i o n  of new u t i l i t i e s  or  t h e  r e p a i r  o f  e x i s t i n g  coffiponents. 

For example, t h e  e l e c t r l c  company, while  excavat ing f o r  a new duct, may 

a c c i d e n t a l l y  c u t  i n t o  a telephone cable .  

p o s s i b l e  t o  e l i m i n a t e  many of  t h e s e  problems. 

i3y tunnel ing,  i t  might be 

If tunne l ing  methods were used f o r  u t i l i t y  i n s t a l l a t i o n ,  t h e  s i z e  

of t h e  opening could range f r o a  " tunnels"  j u s t  l a r g e  enough t o  hold 

i n d i v i d u a l  p ipes ,  condui ts ,  o r  cab le s  t o  tunne l s  large enough f o r  people 

t o  work i n  them ( u t i l i t y  t u n n e l s ) .  

assess t h e  f e a s i b i l i t y  of t h e  use of u t i l i t y  t unne l s  i n  urban a reas ,  

and t h e  major conclusions are t h a t  t h e  tunne l s  are more expensive on a 

f i r s t - c o s t  basis than t h e  i n s t a l l a t i o n  of i n d i v i d u a l  b u r i e d  u t i l i t i e s .  

This i s  caused i n  p a r t  by t h e  c o s t  of  providing expansion space i n  t h c  

tunne l s  so t h a t  f u t u r e  ex tens ions  will not  r e q u i r e  a d d i t i o n a l  excavation. 

Attempts have been made t o  a s s e s s  t h e  c o s t  b e n e f i t s  of t h e  u t i l i t y  tun- 

ne1 concept, bu t  t h e  r e s u l t s  have not  been conclusive.  The American 

Previous s t u d i e s  have been made t o  

5,5 

5 

Public  Works Associat ion i s  c u r r e n t l y  examifling t h e  

b i n i n g  u t i l i t y  t unne l s  w i th  t r a n s p o r t a t i o n  systems, 

g a t i n g  t h e  c o s t  b e n e f i t  r e l a t i o n s h i p  between buried 

tunne l s  a 
7 

f e a s i b i l i t y  of com- 

and is also i n v e s t i -  

u t i l i t i e s  and u t i l i t y  
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2. CURRENT TJTILITY INSTALLATION PRACTICm 

A t  t h e  p r e s e n t  t i m e  t h e  comuon underground u t i l i t i e s  are gas, water, 

and sewers. Only i n  downtown a r e a s  and s e l e c t e d  subd iv i s ions  are e l e c -  

t r i c  and telephone wi re s  l o c a t e d  underground, a l though t h e r e  i s  a t r e n d  

toward p l a c i n g  t h e s e  u t i l i t i e s  underground i n  new cons t ruc t ion .  Same 

l a r g e  c i t i e s  a l s o  have steam or  h o t  water d i s t r i b u t i o n  systems f o r  

h e a t i n g  l a r g e  bu i ld ings .  

p r o j e c t  developments ( f o r  example, Allegheny Center i n  Pi t tsburgh,  

Pennsylvania ), c e n t r a l  h e a t i n g  and coo l ing  systems a r e  being i n s t a l l e d .  

However, i n  t h e  near fu tu re ,  t h e  major underground u t i l i t y  deqand appears 

t o  b e  f o r  water, sewer, gas, e l e c t r i c ,  and te lephoae s e r v i c e s .  

I n  many new urban renewal p r o j e c t s  and l a r g e  

8 

A br ie f  d e s c r i p t i o n  of t h e  s t r u c t u r e  of t h e  i n d i v i d u a l  u t i l i t y  sys- 

tems follows. It must be noted t h a t  t h e s e  d e s c r i p t i o n s  are  s impl i f i ed ,  

and t h a t  v a r i a t i o n s  from t h e  descr ibed p r a c t i c e s  are q u i t e  cormon. 

2 . 1  Desc r ip t ion  of 1 J t i l i t y  Systems 

2 .1 .1  Water 

The water d i s t r i b u t i o n  system i s  that p a r t  o f  t h e  to ta l .  water s y s t e a  

which t r a n s m i t s  t h e  water from d i s t r i b u t i o n  r e s e r v o i r s  t o  the consumer. 

The l ayou t  of  t h e  d i s t r i b u t i o n  system depends on the s t r e e t  plan, topo- 

graphy, and t h e  l o c a t i o n  of the  supply and s t o r a g e  f a c i l i i i e s .  There a r e  

two b a s i c  types of d i s t r i b u t i o n  systems: a branching p a t t e r n ,  and a 

g r i d i r o n  o r  network p a t t e r n . 9  

The branching p a t t e r n  i s  rnairily used i n  suburban areas. Orie obvious 

drawback of t h i s  t ype  of p a t t e r n  i s  the  dead  ends where t h e  p o s s i b i l i t y  

o f  s t agnan t  water cond i t ions  e x i s t .  The g r i d i r o n  or network p a t t e r n  i s  

more common i n  b u i l t - u p  areas where a more r e l i a b l e  supply f o r  f i r e  

f i g h t i n g  c a p a b i l i t y  i s  needed; however, i t  i s  o f t e n  r equ i r ed  i n  sub- 

d i v i s i o n s  by zoning r e g u l a t i o n s .  The network p a t t e r n  al lows water t o  

be suppl ied t o  a given p o i n t  from two d i r e c t i o n s  and avoids d?ad ends. 

These types a r e  i l l u s t r a t z d  i n  Fig.  2.1. 

111 general ,  w i th  t h e  network system each s t r e e t  will- con ta in  a t  

l e a s t  one water main wi th  t h e  mains interconnected a t  each street i n t e r -  

s e c t i o n .  Valves are i n s t a l l e d  a t  p i p e  j u n c t i o n s  t o  provide t h e  a b i l i t y  
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t o  shut  off a l e a k i n g  o r  broken l i n e  until r e p a i r s  can be raade. Depend- 

i n g  on t h e  design o f  t h e  system, as many as t h r e e  va lves  a r e  genera ' l ly  

i n s t a l l e d  a t  each i n t e r s e c t i o n .  Other va lves  i n  a water d i s t r i b u t i o n  

system a r e  l o c a t e d  on each s e r ~ i i c e  connection and a t  each f i r e  hydrant.  

QRN L- DW G 70 - 1 2626 R 

( U  ) BRANCHING PATTERN 
WITH DEAD ENDS 

9 Fig.  2 . 1  Typical 'Water D i s t r i b u t i o n  System P a t t e r n s  

Valves are normally i n s t a l l e d  wi th  a va lve  box a t t ached  t o  the t o p  

t o  allow the va lve  t o  be operated from t h e  su r face .  Larger va lvcs  may 

be  i n s t a l l e d  i n  p i t s  or  manholes f o r  access .  R e p a i r s  t o  va lves  d i r e c t l y  

buried i n  t h e  ground,' of course,  requ.ire excavat ion f o r  access  Lo the 

va lve  i t s e l f .  The va lves  for small s e r v i c e  connections* a r e  almost 

always d i r e c t l y  buried arid access  t o  these valves r e q u i r e s  excavation. 

A typical.  s e r v i c e  Connection i s  shown i n  Fig.  2.2. 

Since a major f u n c t i o n  of a c i t y  water syEt,ern i s  t o  provide f i r e  

p r o t s c t i o n ,  hydrants  are l oca t ed  a t  predetermined po in t s .  Fire p r o t e c t i o n  

requirements a l s o  determine t h e  p ipe  diameter and water flow rate t o  be 

+ I n  water systems, t h e s e  small  va lves  are comaonly c a l l e d  co rpa ra t ion  

cocks. 



provided. 

as t h e  minimum dianeter, bu t  w i l l  permi t  6-inch p ipes  i n  g r i d i r o n  systems 

i f  t h e  l e n g t h  of p i p e  betwesn i n t e r c o n n w t t o n s  i s  less  than  600 feet. 

If' f i r e  p r o t e c t i o n  i s  no t  r equ i r ed ,  4-inch o r  l ess  p i p e  s i z e s  can be 

i n s t a l l e d .  

burban areas. 

t h e  Nat iona l  Board of F i r e  Underwri ters  s tandard  i s  for  hydrants  t o  be 

spaced t o  serve areas wi th in  a r a d i u s  of 200 feet .  These hydrants  are 

normally i n s t a l l e d  a t  s t r ee t  i n t e r s e c t i o n s ,  a l though i n  la rgs  c i t y  

blocks t hey  may be r e q u i r e d  a t  o ther  l o c a t i o n s .  

The Na t iona l  Board of F i r e  Underwriters r e q u i r e s  8- inch p i p e  

This p r a c t i c e  i s  normally followed on ly  i n  low-density su-  

I n  areas where f i r e - p r o t e c t i o n  c a p a b i l i t y  is requi red ,  

ORNL-DWG 70- 12627 

*FOUNDATION W A L L  

CORPORATION COCK OR STOP 

STOP AND WASTE COCK 

MAIN 

9 Fig.  2.2 Typica l  Water S e r v i c e  Connection 

A s  p rev ious ly  descr ibed,  a water d i s t r i b u t i o n  system i s  composed of 

a l a r g e  number of va lves ,  hydrants ,  and  in te rconnec t ions .  Table 2.1 

p r e s e n t s  data €ran a nimber of c i t i e s  l i s t i n g  t h e  miles of p ipe  i n  t h e  

system and t h e  number of  va lves ,  hydrants,  and s e r v i c e  connect ions per  

m i l e .  The number of  m a l l  va lves  ( co rpora t ion  cocks) used o n  s e r v i c e  

connec t ions  i s  not  included i n  t h i s  t ab le ,  but  i s  a t  l e a s t  equa l  t o  the 

number of ser7iice connect ions p e r  m i l e .  Each of the valves, hydrants ,  
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and s e r v i c e  concect ions r e p r e s e n t s  a po in t  a t  which access  from t,he 

su r face ,  e i t h e r  through manholes, va lve  boxes, or  by excavation, w F l l  

be r equ i r ed  f o r  ope ra t ion  and maintenance of t h e  Eater system. 

Table 2 . 1  Phys ica l  C h a r a c t e r i s t i c s  of 
Typ ica l  Water D i s t r i b u t i o n  S y s t e m +  

Miles of  Hydrants Va I ves Service Connections 
Ma ins per M i l e  per Mile per Mile City (Date) 

S t .  Louis, Mo . (1 967) 

Philadelphia, Pa. (1967) 

Salt Lake City, Utah (1969) 

New Orleans, La. (1966) 

Seattle, Wash. (1 969) 

Chicago, I l l .  (1966) 

Son Jose Water Works (1967) 

Cos Arigeles, Cal i f .  (1967) 

Akron, Ohio (1970) 

Providence, R ,  I .  (1 969) 

1,364 

3,202 

859 

1,324 

1,649 

4,093 

1,584 

6, 586 

1,019 

809 

11.3 

7 . 9  

7 .0  

9.9 

9.7 

11 .1  

5.1 

6.7 

- 

5.1 

16.0 

23 .O 

12.2 

8.8 

8.4 

10.4 

- 
14.0 

11.9 

13.7 

117 

165 

77 

102 

- 
125 

88 

92 

85 

80 

*Data from unnual reports prepared by municipal wuter departments or private water companies. 

2.1.2 Sewers 

There are two b a s i c  types of  sewer systems used in t h e  United S t a t e s .  

The f i r s t  of t h e s e  i s  t h e  combined sewer system i n  which waste waters 

from domestic and i n d u s t r i a l  sources are c o l l e c t e d  along wi th  storm water 

runoff  i n  a s i n g l e  c o l l e c t i o n  system* The second type  c o n s i s t s  of a 

c o l l e c t i o n  system f o r  domestic anti i n d u s t r i a l  wastes, a n d  a s e p a r a t e  

system of storm sewers. Construct ion economy favors  t h e  i n s t a l l a t i o n  of 

combined sewers ; however, emphasis i s  c u r r e n t l y  being d i r e c t e d  t o  t h e  

use of s e p a r a t e  sewers to avoid hydrau l i c  overloading of sewage t reatment  

f a c i l i t i e s  caused by t h e  peak flows from storms. In tlqe p a s t  t h i s  pro- 

blem was overcome by by-passing t h e  waste which could n o t  be handled 

i n  t h e  t reatment  f a c i l i t y  d i r e c t l y  t o  the  o u t f a l l .  Recently, i t  has 

been  found t h a t  the p o l l u t a n t s  p re sen t  i n  storm w a t e r  runoff are s i g n i -  

Picant  arid t h a t  t reatment  of this waste i s  o f t e n  necessary.  lo 

t i o n  of s e p a r a t e  sewers allows s a n i t a r y  sewage and storm water t o  be 

c o l l e c t e d  s e p a r a t e l y  and t r e a t e d  be fo re  r e l e a s e .  

Installa- 
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I n  t h e  design of sewer systems every e f f o r t  i s  normally d i r e c t e d  

toward a system which w i l l  al low g r a v i t y  flow. 

flow requirements, sewers m u s t  be i n s t a l l e d  with d e f i n i t e  grades which, 

becailse of t opograph ica l  f e a t u r e s ,  r e s u l t s  i n  t h e i r  being a t  va r ious  

depths.  Pumping systems or  f o r c e  mains may be i n s t a l l e d  where topographic 

f e a t u r e s  r e q u i r e  deep excavat ion.  Many of t h e  c o n s t r u c t i o n  problems 

encountered i n  t h e  i n s t a l l a t i o n  of sewers f o r  s a n i t a r y  waste T o a d  be 

e l iminated by t h e  use of pumped o r  p re s su r i zed  systems which would 

e l i m i n a t e  grade consLderations and the need f o r  deep excavation i t 1  some 

a r e a s .  However, t h e  energy c o s t s  f o r  pumping and t h e  p o s s i b i l i t y  of 

power m d  pump f a i l u r e s  tend t o  reduce t h e  advantages of t h e  pumped 

sewer concept. The a p p l i c a t i o n  of pumped sewers f o r  storm sewers or  

combined sewers i s  d i f f i c u l t  because o f  t h e  extreme v a r i a b i l i t y  of' 

waste flows i n  t h e s e  systems. 

Because of t h e  graviky 

I n  t h e  case  of combined sewers, each sewer m u s t  be connected t o  t h e  

waste producer as w e l l  as t o  each c a t c h  b a s i n  loca t ed  i n  t he  s t r e e t  f o r  

c o l l e c t i n g  storm water. Manholes must  be i n s t a l l e d  a t  f requent  i n t e r v a l s  

t o  allow t h e  sewers t o  be cleaned and t o  make connections between o t h e r  

sewers. Current  design p r a c t i c e  c a l l s  f o r  manholes a t  each sewer junc t ion ,  

a t  each change i n  grade o r  change i n  p i p e  size, o r  a t  i n t e r v a l s  of about 

Valves and o t h e r  s p e c i a l  f i t t i n g s  a r e  not  normally found i n  300 . f e e t  . 
sewer systems. 

ll 

In most new i n s t a l l a t i o n s ,  branch f i t t i n g s  f o r  s e r v i c e  connections 

are  i n s t a l l e d  a s  t h e  sewer i s  constructed,  and t h e  user  l a t e r  connects 

t o  t h e s e  f i t t i n g s .  I f  a minilniim number of s t r e e t  c u t s  i s  des i r ed ,  l i n e s  

may be i n s t a l l e d  from the main s m e r  t o  t h e  p rope r ty  l i n e  a t  t h e  time t h e  

sewer i s  b u i l t .  

2.1.3 Matural Gas 

Watural gas systems can have both t ransmission and d i s t r i b u t i o n  

func t ions .  Rowever, consumers do not  normally r e c e i v e  gas d i r e c t l y  

from t ransmission systems. Upon e n t e r i n g  t h e  d i s t r i b u t i o n  system from 

t h e  t ransmission systsm, the  gas i s  reduced i n  p re s su re .  Both low pres -  

sure (about 0.5 p s i )  and in t e rmed ia t e  p re s su re  d i s t r i b u t i o n  systems (up 

t o  50 p s i )  are employed. W h a e  in t e rmed ia t e  pressure systems are used, 
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a d d i t i o n a l  p r e s s u r e  r educ t ion  i s  g e n e r a l l y  provided f o r  each customer a t  

t h e  meter. An odortzit ig agent i s  commonly added t o  a s s i s t  i n  d e t e c t i n g  

l e a k s  i n  t h e  d i s t r i b u t i o n  system and on t h e  customer's premises. Valving 

i s  provided t o  l o c a l i z e  s e r v i c e  outages and t o  s top  t h e  flow of gas i n  

t h e  event  of a break o r  l eak .  S ince  co r ros ion  of metal  gas mains i s  a 

major coni-,ern, d i s t r i b u t i o n  mains constructed of s t e e l  p i p e  g e n e r a l l y  

require p r o t e c t i v e  coa t ings  and/or cathodic  p r o t e c t i o n .  

of p l a s t i c  p i p e  for  gas d i s t r i b u t i o n  systems has been d a m n s t r a t e d  and 

i t s  use i s  undergoing r a p i d  growth. I n  th? next year or two, i t  i s  

expected t h a t  t he  use of p l a s t i c  pipe w i l l  i n c r e a s e  t o  about 25 percen t  

of t h e  t o t a l  annual  i n s t a l l a t i o n  railage. 

The f e a s i b i l i t y  

Valves used i n  d i s t r i b u t i o n  m a i n s  are g e n e r a l l y  loca t ed  i n  vainits 

o r  va lve  boxes t o  provide p r o t e c t i o n  and permit proper maintenance and 

operat ion.  I n  low p r e s s u r e  s e r v i c e  and on smaller  l i n e s  ( i . e . ,  2-inches 

and under), plug-type valves  a r e  most commonly used .  

2.3, t h e r e  are g e n e r a l l y  two va lves  on a gas Fervice l i n e ,  one a t  the  

connection t o  t h e  main and t h e  o the r  a t  t h e  customer's  meter. Where 

t a p s  a r e  made on t h e  mains for s e r v i c e  connections,  full opening p lug  

or g a t e  valves  ar? p re fe r r ed .  

A s  shown i n  Fig. 

12 
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BUILDING WALL-, 
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L2 
Fig .  2.3 Typical  Gas S e r v i c e  Connection 

2.1.4 E l e c t r i c  Power 

TJnderground e lec t - r io  p o w r  systems aye d i f f e r e n t  from aer ia l  systems 

i n  t h a t  t h e  conductors are l a r g e r  and they  a r e  loca t ed  c l o s e r  t oge the r .  

Because of t h e  c l o s e  proximity of t h e  conductors, and because heat  t r a n s f e r  
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from The c a b l e  i s  r e s t r i c t e d ,  thermal  cons ide ra t ions  become t h e  main 

des ign  pi-oblem. These f a c t o r s  thus  l i n i t  t h e  number of power cables  

t h a t  can be incorpora ted  i n  a s i n g l e  i n s t a l l a t i o n  without  excess ive  

r educ t ion  of t h e  cu r ren t - ca r ry ing  c a p a c i t y  of t h e  cables .  

A s  i n  t h e  case  of water systems, a n m b e r  of w i r ing  p a t t e r n s  (e .g . ,  

radial ,  loop, and network) are used t o  d i s t r i b u t e  e l e c t r i c i t y  t o  t h e  

consumer-l3 

r e l i a b i l i t y  r equ i r ed .  

The choice  of w i r ing  p a t t e r n  used depends on the degree of 

The lowest  vo l t ages  i n  the d i s t r i b u t i o n  system gene ra l ly  occux a t  

t h e  consumer's u t i l i z a t i o n  l e v e l .  Typica l ly ,  t h i s  i s  120/240 V, s i n g l e  

phase, three wire f o r  r e s i d e n t i a l  and small consumers, and 120/208 V o r  

265'/460 V, t h r e e  phase, four  wire f o r  commercial areas and i n d u s t r i a l  

users .  Higher v o l t a g e s  e x i s t  i n  t h e  d i s t r i b u t i o n  system depending on 

t h e  s i z e  of t h e  i r , d iv idua l  loads,  t h e  t o t a l  load, t h e  load dens i ty ,  s i z e  

of t h e  area, and t h e  d i s t r i b u t i o n  p a t t e r n  used. The t r end  i n  d i s t r i -  

bu t ion  vo l t ages  i n  h igh  d e n s i t y  urban areas current ly-  i s  toward t h e  use 

o f  high vo l t ages  similar to t hose  used i n  a e r i a l  t ransmiss ion  f o r  long  

dis tar ices .  This  has beer, brought abouit by t h e  development of irnproved 

high vol tage  underground cab le s .  

Underground cab le s  can be bur ied  d i r e c t l y  i n  t h e  s o i l  o r  p l a red  i n  

underground condui t s  or  duc ts  which are i n s t a l l e d  sepa ra t e ly .  The use 

of a duct  system a l lows  t h e  cab le  t o  be i n s t a l l e d  a t  a la ter  date when 

needed, o r  a l lows  e x i s t i n g  cab le s  t o  be  removed and rep laced  without  

excavat ion.  When condui t  banks are  i n s t a l l e d ,  extra duc t s  are normally 

included t o  provide  space f o r  f u t w e  expansion. The condui t  system, 

wi th  i t s  i n h e r e n t  Y l e x i b i l i t y  for c a b l e  i n s t a l l a t i o n  and replacemect  

without  excavat ion i s  commonly used i n  dense urban areas. Ducts are 

g e n e r a l l y  cons t ruc ted  of v i t r i f i e d  c l a y  t i l e ,  o r  f i b e r ,  cement-asbestos, 

c m c r e t e ,  o r  p l a s t i c  pipe.  

I n s t a l l a t i o n  of cab le s  i n  duc t s  i s  performed by p u l l i n g  t h e  cab le  

between manholes which are usuaZJ_y loca ted  a t  each s t r e e t  i n t e r s e c t i o n .  

Not on ly  are t h e  manholes u t i l i z e d  f o r  i n s t a l l i n g  and renoving cables ,  

they  also are t h e  major p o i n t s  i n  the d i s t r i b u t i o n  system where t h e  

cab le s  can be  s p l i c e d  toge the r  t o  forin t h e  network used. 

manholes are t h e  on ly  po in t s  a t  which t h e  cab le  can be se rv iced  witholut 

Because t h e  
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rznoval,  t hey  must be  l o c a t e d  a t  

t oge the r .  Much smaller openings 

each po in t  where two cables  are connected 

(hand ho le s )  are normally i n s t a l l e d  a t  

po in t s  where connect ions are made between t h e  main system and t h e  wires 

t o  t h e  consumer. I n  add i t ion ,  i t  i s  necessary  t o  have space and access  

a v a i l a b l e  f o r  t ransformers  and switching devices .  I n  urban areas t h e s e  

u n i t s  are normally i n s t a l l e d  i n  underground v a u l t s  ad jacen t  t o  t h e  buil-ding 

served o r  i n  t h e  b u i l d i n g  basement. 

I n  l e s s -dense  a reas ,  underground c a b l e  i s  i n s t a l l e d  by burying i t  

d i r e c t l y  i n  t h e  ground. Marlholes are no t  normally used i n  Lhis kind of  

i n s t a l l a t i o n .  

2.1.. 5 Telephone 

The b a s i c  components of a telephon- system are: te lephones,  tele- 

types,  and o the r  customer comwi ica t ions  equipment; w i r e  system connec- 

t i o n s  t o  c e n t r a l  o f f i c e s ;  swi tch ing  equipment i n  t h e  c e n t r a l  o f f i c e ;  arid 

t r u n k - l i n e  system between c e n t r a l  o f f i c e s .  

systems from t h e  i n d i v i d u a l  user  equipment t o  t h e  exchanges and t h e  

t runk- l ines  between exchanges are of concern i n  t h i s  r e p o r t .  Both sys-  

tems g e n e r a l l y  c o n s i s t  of  cab les  con ta in ing  as aany a s  2700 p a i r s  of  

conductors i n  l e a d  or p l a s t i c  shea th ing .  The cab le s  are b w i e d  d i r e c t l y  

i n  the e a r t h  o r  . i n s t a l l ed  i n  a duc t  system similar t o  t h a t  descr ibed  

f o r  e l e c t r i c  power. The p r i n c i p a l  d i f f e r e n c e s  between te lephone and 

power duct, systems are: (I) thermal e f f e c t s  are not  a problem i n  the low 

vo l t age  te lephone  system, so  more duc ts  may be  grouped toge the r  i n t o  

one l a r g e  duet  bank, and (2)  t h e  cab le s  must be p ro tec t ed  from moisture  

to a g r e a t e r  degree  than  power cables .  This i s  done by pass ing  d r y  a i r  

through t h e  c a b l e  shea th .  

d i s t a n c e s  from t h e  c e n t r a l  s t a t i o n s ,  p i p e l i n e s  are  r w  wi th  t h e  cables ,  

or  p o r t a b l e  s u p p l i e s  ( ' co t t led  compressed a i r )  are used. Cable connect ions 

are made i n  manholes o r  i n  s p e c i a l l y  desigried connect ion cab ine t s  l oca t ed  

above ground. 

Only t h e  connect ing l i n e  

I n  o rde r  t o  supply suf f f ic ien t  a i r  a t  large 

I n  order t o  improve t h e  t ransmiss ion  e f f i c i e n c y  of te1ephor.e cables ,  

t h e  inductance of t h e  te lephone l i n e  i s  g e n e r a l l y  increased  by p l a c i n g  

low-resi s t a n c e  c o i l s  w i th  magnetic a l l o y  cores ( c a l l e d  ' ' loading c o i l s " )  

i n  each phone l i n e  every 2000 t o  6000 feet  depending on t h e  l i n e  
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i s  i n s t a l l e d  by s e a l i n g  banks o f  t h e s e  c o i l s  i n  con ta ine r s  t o  handle 

small systems, or p l a c i n g  l a r g e  banks of c o i l s  i n  c a b i n e t s  f o r  l a r g e  

a p p l i c a t i o n s .  Working space must be provided f o r  access  t o  c a b i n e t s  

when they  a r e  used. 

The l a r g e  number of loading c o i l s  r equ i r ed  fo r  each cab le  

S ince  buried telephone cab le s  are permanently i n s t a l l e d  and are not 

amenable t o  r a p i d  l a r g e - s c a l e  changes, system r e l i a b i l i t y  can be achieved 

by providing e x t r a  conductors, by using mul t ip l e  cables ,  and by providing 

m u l t i p l e  cab le  r o u t e s .  When t h i s  added r e l i a b i l i t y  i s  provided (as 

"cab le  and shea th  insurance") a t  t h e  consumer's l e v e l  Tor c r i t i  ca3- a p p l i -  

ca t ions ,  t h e r e  a r e  a t t e n d a n t  e x t r a  charges.  

2.1e6 Community Antenna Te lev i s ion  (CATV) 

Community antenna t e l e v i s i o n  !CATV> systems are i n c r e a s i n g  i n  

p o p u l a r i t y  i n  a r e a s  where s tandard t e l e v i s i o n  broadcast  r ecep t ion  i s  

poor; t hey  a r e  a l s o  capable  of augmenting t h e  amount of progranming 

a v a i l a b l e  t o  s u b s c r i b e r s  by o r i g i n a t i n g  programs f o r  d i s t r i b u t i o n  011 

a v a i l a b l e  channels (as many as 80) fo r  t ransmission and r ecep t ion .  

Basical ly ,  t hese  systems c o n s i s t  of a c e n t r a l  recei t r ing antenna 

and f a c i l i t i e s  f o r  amplifying and t r a n s m i t t i n g  the  s i g n a l s  over a 

d i s t r i b u t i o n  network. This network g e n e r a l l y  c o n s i s t s  of c o a x i a l  cables ,  

w i th  a m p l i f i e r s  l o c a t e d  a t  regular i n t e r v a l s  Amplif ier  spacing i s  

determined by a t t e n u a t i o n  and aging c h a r a c t e r i s t i c s  of xhe c a b l e  b u t  

i s  normally 1500 t o  2000 feet .  

Coaxial  cab le s  can be i n s t a l l e d  overhead on e x i s t i n g  power o r  

te lephone poles ,  placed i n  underground conduit ,  o r  buried d i r e c t l y  i n  

the ground. 

2 . 1 . 7  C e n t r a l  Heating 

I n  some dense urban areas, bu i ld ings  a r e  heated by stearn or hot 

water t r a n s m i t t e d  from a c e n t r a l  h e a t i n g  p l a n t .  Thz b a s i c  d i f f e r e n c e s  

between steam and h o t  water d i s t r i b u t i o n  systems a r e :  ( 1 )  steam 

systems must be equipped with t r a p s  t o  d r a i n  l i q u i d  (condensate) from 

t h e  steam l i n e s ,  (2)  

l i n e s  of the  same energy-carrying c a p a c i t y  arid o p e r a t i n g  temperature, 

(3) 

steam l i n e s  a r e  l a r g e r  i n  diameter than hot  water 

steam systems are f r e q u e n t l y  equipped wi th  pressure reducing s t a t i o n s ,  
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and ( 4 )  steam systems norrnally employ on ly  one p ipe .  Condensate i s  

normally discharged t o  sewers, bu t  i t  can be r e t w n e d  t o  t h e  c e n t r a l  

p l an t ,  depending on t h e  economics of the  ope ra t ion  and the  1-ikelihood of 

contamination of t h e  condensate. E o t  water systems almost always re- 

t u r n  t h e  water a f t e r  removal of t h e  u s e f u l  hea t .  

Heat exchangers are sometimes used by each customer t o  pyevent 

contamination of the main c i r c u l a t i n g  water and t o  allow h ighe r  d i s t r i -  

bu t ion  p res su res  and temperatures  t o  be used than  th2 customer r e q u i r e s .  

The d i s t r i b u t i o n  system i s  made up of i n s u l a t e d  pipes  which may be in 

concrete  envelopes bu r i ed  d i r e c t l y  i n  t h e  ground as shown i n  F ig .  2.4 

or  i n s t a l l e d  i n  u t i l t t y  twxels .  I f  p ipes  are i n s t a l l e d  i n  conduit  

systems, they are s loped t o  d r a i n  so t h a t  t h e  i n s u l a t i o n  can be kept  dry.  

Expansion loops o r  j o i n t s  are placed every f e w  hundred f e e t  and i n s u l a -  

t e d  p ipe  guides  and suppor t s  are used t o  prevent  concentrated bea r ing  

loads  due t o  thermal  expansion o f  t h e  p ipes .  Expansion loops are pre-  

f e r r e d  s i n c e  they  are r e l a t i v e l y  maintenance free, but bellows, s l i p -  

j o i n t ,  and bal l -and-socket  j o i n t s  a re  used where space i s  l i m i t e d .  

B p a n s i o n  j o i n t s  are g e n e r a l l y  rjot bu r i ed  d i r e c t l y  in t h e  ground b u t  

are loca ted  i n  manholes or  v a u l t s .  TJnless t h e  pipes  are i n s t a l l e d  i n  

tunnels ,  manholes are provided a t  f r equen t  i n t e r v a l s  t o  permit  access  

t o  t r a p s ,  exGansion j o i n t s ,  and v a l v e s  fo r  maintenance. Drai.nage from 

condui t  systems o r  t r a p s  i s  removed by sump pmps  o r  steam e j e c t o r s .  

2.1.8 C e n t r a l  Cooling 

C e n t r a l  coo l ing  systems have not  been i n s t a l l e d  i n  c i t i e s  t o  t h e  

e x t e n t  t h a t  c e n t r a l  heatirig systems have been; howrver, t hey  are be- 

coming more common i n  urban renewal p r o j e c t s  and o t h e r  Large-scale 

developments . 
glycol-water mixtures as t h e  heat-transfer medium.  C h i l l e d  water 

d i s t r i b u t i o n  s y s t e m  are s ln i l a r  t o  hot  water systems b u t  d i f f e r  i n  the 

fol lowing r e s p e c t s  because t h e  temperature d i f f e r e n c e s  between t h e  

h e a t - t r a n s f e r  mediurn and t h e  environment a r e  smaller: (I) t h e  p ipes  

a r e  l a r g e r  i n  coo l ing  systems, (2)  l e s s  i n s u l a t i o n  i s  r e q u i r e d  ( i n  f a c t ,  

i n  some des igns  t h e  r e t u r n  l i n e s  are not i n s u l a t e d  when they  are d i -  

r e c t l y  buried), and ( 3 )  t h e r e  i s  less  thermal  c o n t r a c t i o n  which m u s t  

These systems use e i t h e r  water, b r ine ,  o r  e thy lene  
8,1'4,1G 



be accor:odated. S t e e l  o r  nonmeta l l ic  materials such as cement-asbestos 

are commonly used f o r  t h e  p i p i n g  s;y-stem. 

bur ied  o r  i n s t a l l e d  i n  condui t s .  

The l i n e s  can be d i r e c t l y  

ORNL-DWG 70-<5030 

Fig.  2.4 Example of Direct ly-Buried 
Di s t r i . c t  Heat ing D i s t r i b u t i o n  Piping15 

2.1.9 summary 

The previous sei- t ions have descr ibed  c u r r e n t  methods of u t i l i t y  

i n s t a l l a t i o n .  I n  m o s t  cases ,  underground u t i l i t y  d i s t r i b u t i o n  systems 

are made up of r e l - a t i v e l y  small dianieter p ipes  o r  cab le s  which are 

usua l ly  placed i n  i n d i v i d u a l l y  prepared i n s t a l l a t i o n  spaces .  However, 

i n  a r e a s  where l a r g e  amounts of u t i l i t y  l i n e s  are  conqentvated, t h e  

u t i l i t y  tunnel  concept may b e  feasible. Therefore ,  it ap-paars t h a t  i f  

new methods of i n s t a l l a t i o n ,  such as the use  of tunnel ing,  are t o  be 

considered,  a t u x i e l i n g  machine w i l l -  have t o  be developed which i s  

capable  of Groducing holes which range from a f e w  inches  t o  seva -a1  feet  

i n  s i z e .  Appendix A desc r ibes  the requirenents for such a u t i l i t y  

t unne l ing  sys tem. 



3 .  CURRENT EXCAVATION PRACTICE3 

Since u t i l i t i e s  a r e  normally i n s t a l l e d  as c l o s e  t o  the  s u r f a c e  as 

p o s s i b l e  ( u s u a l l y  l e s s  than 10 fee t  deep, w i t h  t h e  p o s s i b l e  exception 

of sewers),  some i d e a  of t h e  geologic  cond i t ions  expected i n  t h i s  zone 

has been obtained by a survey of c i t i e s  i n  t h e  100 l a r g e s t  SmAs i n  t h e  

United S t a t e s  ( f o r  more d e t a i l s ,  s e e  Appendix C ) .  Basical ly ,  t he  s w v e y  

r e q w e s t e d  information on t h e  average geologic  cond i t ions  Pol- depths o f  

0-20, 20-50, and 50-100 f e e t .  The respondents were requested t o  i n d i -  

c a t e  i f  t h e  material g e n e r a l l y  encountered was s o i l  ( s o f t  ground con- 

s i s t i n g  of mixtures o r  l a y e r s  of  grgvel,  sand, s i l t ,  c lay,  unconsolidated 

rock, e t c . )  o r  rock ( e i t h e r  hard o r  s o f t ) .  O f  t h e  responses re turned,  

68 of  t h e  72 c i t i e s  i n d i c a t e d  soLl was t h e  predominate m a t e r i a l  i n  t h e  

0-20 f o o t  zone, although some repor t ed  both s o i l  and rock. Thus, i t  

would appear t h a t  most of t he  f u t u r e  u t i l i t y  i n s t a l l a t i o n s  w i l l  probably 

r e q u i r e  excavat ion methods o r  equipment capable  of ope ra t ing  i n  soil. 

ITowever, i n  ].oca1 areas, t h e r e  may s t i l l  be a need f o r  excavation sys- 

tems which w i l l  be capable  of  ope ra t ing  i n  rock. 

3.1 Trenching 

By far the most common method of i n s t a l l i n g  underground u t i l i t i e s  

i s  i n  an open t r e n c h  which i s  excavated using convent ional  esrthriloving 

equipment. Tn order  t o  p r o t e c t  t h e  workmen and p rese rve  t h e  i n t e g r i t y  

of t h e  t rench,  sha r ing  i s  r equ i r ed  i n  deep t r enches  (normally over fow 

t o  f i v e  f e e t )  i n  s o i l .  

are t h e  a b i l i t y  t o  use s p e c i a l i z e d  (though well-developed) machines f o r  

r ap id  excavation, and t h e  low c o s t  of t h i s  type of excavatjon. However, 

i n  congested areas where l a r g e  numbers of underground u t i l i t y  l i n e s  may 

a l r eady  be i n s t a l l e d ,  cons ide rab le  c a r e  must be exe rc i sed  t o  i n s u r e  

c o n t i n u i t y  of s e r v i c e  and prevent damage t o  t h e s e  u t i l i t i e s  during 

ex cava t i on. 

The major advantages of t h e  t r ench ing  method 

For t r enches  i n  c i t y  s t r e e t s ,  i t  i s  necessary t o  c u t  t h e  paving 

m a t e r i a l  be fo re  excavation. During t h e  per iod of time between excava- 

t i o n  and b a c k f i l l i n g  of t h e  t rench,  i t  may be necessary t o  e i t h e r  h a u l  



t h e  e a r t h  removed t o  some o t h e r  l o c a t i o n  o r  t o  p i l e  i t  i n  t h e  s t r e e t .  

When i n s t a l l a t i o n  i s  complete, i t  i s  necessary to b a c k f i l l  t h e  t rench 

a n d  r e p a i r  t h e  pavement. Considerable  c a r e  must be taken i n  b a c k f i l l i n g  

t o  avoid damage t o  t h e  u t i l i t y  and t o  prevent  s e t t l emen t  of t h e  PatTenient 

a t  a l a t e r  da t e .  

A mod i f i ca t ion  of tha t r ench ing  method i s  th; plowing-in technique 

where a n  open t rench i s  not  excavated; i n s t e a d  a plow, which sepa ra t e s  

but does not t u r n  t h e  s o i l ,  i s  i n s e r t e d  i n t o  t h e  e a r t h  t o  t h e  des i r ed  

depth and then  advanced from t,he s t a r t i n g  po in t  the e n t i r e  l e n g t h  of 
1-7 t h e  run. Two methods a r e  used t o  p l a c e  t h e  p ipe  o r  cab le  i n  t h e  opening. 

I n  t h e  f i r s t  method ( "pu l l ing - in" ) ,  t h e  p ipe  o r  c a b l e  i s  pul led through 

t h e  opening c rea t ed  by t h e  plow t h e  e n t i r e  l eng th  of t h e  opening. 

of f r i c t i o n ,  ve ry  l a r g e  pull . ing f o r c e s  are r equ i r ed .  "Pul l ing-in"  i s  

normally used only with l a r g e  diameter pipes  of c a b l e s  which cannot be 

fed from reels. The second method used ("feeding-in")  involves f eed ing  

t h e  cab le  or  p i p e  t o  bz buried i n t o  a "cable  shoe'' which l a y s  i t  along 

t h e  bottom of t h e  s l i t  as t h e  shoe moves through t h e  e a r t h .  More than 

one c a b l e  or  p ipe  can be i n s t a l l e d  at t h e  same t i m e  using t h i s  technique. 

Because 

Plowing-in does not e l i m i n a t e  s u r f a c e  dis turbance,  but the t o t a l  

amount of e a r t h  moved i s  minimized. The slii; i s  normally closed by 

running a heavy o b j e c t  over i t .  For obvious reasons,  plowing-in cannot 

be used  i n  s t r e e t s  unless  t h e  paving material i s  removed or c u t  before-  

hand. 

T h e  technique i s  commonly used for t h e  i n s t a l l a t i o n  of gas l i n e s ,  

and e l e c t r i c  and telephone wires .  One of i t s  major advantages i s  t h e  

speed with which t h e  opera.tion can be performed. The Missouri  U t i l i t i e s  

Co. has r epor t ed  t h a t  they have been a b l e  t o  i n s t a l l .  up t o  10,000 f t .  of 

p l a s t i c  pipe pe r  day i n  t h e i r  gas system. l8 The Oklahoma Natural Cas 

Co. has been a b l e  t o  plow i n  3,000 f t .  of 2- in .  s t ee l  p i p e  in 2 1  minutes 

a t  a c o s t  of $4GC ver sus  a n  es t imated c o s t  of  $2350 using convent ional  

t r ench ing  techniques 18 

3.2 Tunneling 

The l a r g e  s c a l e  use of tunne l ing  methods f o r  u t i l i t y  i n s t a l l a t i o n  

has not  been common, wi th  t h e  p o s s i b l e  exception of l a r g e  sewers and 
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water mains. Most u t i l i t y  s y s t e m  do r o t  r e q u i r e  l a r g e  tunnels ,  and 

economical methods have not  been developed t o  produce long, small d i a -  

meter tunoels .  The use of tunne l ing  i s  mare common when t h e  depth of 

t h e  i n s t a l l a t i o n  r u l e s  ou t  t renching ,  when s u r f a c e  access i s  l i m i t e d  

and s u r f a c e  d i s tu rbance  i s  undesirable ,  o r  when i t  i s  necessary  t o  

i n s t a l l  t h e  u t i l i t y  beneath e x i s t i n g  s t r u c t u r e s .  

The a c t  of t u r n e l i n g  involves  t h e  execut ion  02 three e s s e n t t a l  

s t e p s  o r  processes .  The f i r s t  of t h e s e  i s  t h e  excavat ion  of  m a t e r i a l  

from t h e  f a c e  of t h e  tunnel-, t h e  second i s  t h e  removal of  t h e  exczvated 

material ( c a l l e d  s p o i l  o r  muck) from t h e  f a c e  of t h e  tuririel and t h e  

t r a n s p o r t  of t h i s  material  t o  t h e  sur face ,  and t h e  t h i r d  i s  t h e  ma-in- 

t a i n i n g  of t h e  i n t e g r i r y  of t h e  opening f o r  reasons  of s a f e t y  and 

o p e r a b i l i t y .  For c l a s s i f i c a t i o n  purposes, t h e  types of  materials through 

which tunnels are excavated a r e  rock, s e l f - s u p p o r t i n g  soil ,  and s o f t  02' 

running ground. The t h r e e  step,. ou t l i ned  above must be c a r r i e d  out 

r e g a r d l e s s  of t h e  n a t u r e  of  t h e  material be ing  excavated;  howevey, t h e  

type  of material a f f e c t s  t h e  manner i n  which a p a r t j c u l a r  s t e p  i s  per -  

formed. The major t unne l ing  methods c u r r e n t l y  be ing  used are presented  

i n  Table 3 . 1  as a func t ion  o f  t h e  material be ing  exravated.  h sumrcary 

d e s c r i p t i o n  of  t h e s e  a l t e r n a t i v e s  i s  presented  below. 

'Table 3.1. Methods Used I n  Tunneling Var ious  Materials 

MATERIAL BEING TUNNELED 
______.___---.---.--..__I ~ ^ l l l l l - .  

TUNNELING 
PROCESSES ROCK SELF-SUPPORTING SOIL SOFT OR RUNNING GROUND 

E x c a v a t i o n  a .  Dril l  a n d  Blast  

b .  M e c h a n i c a l  E x c a v a t i o n  

Mvck Removal a. Trains o r  Trucks 

b .  Conveyors  

c. S l u r r y  P ipe l i nes  

M a i n t e n a n c e  of a .  Rock Bol ts 

I n t e g r i t y  of b. Sprayed C o n c r e t e  

O p e n i n g  c .  Cos t - i n -P lace  C c n c r e t e  

d.  S t e e l  P la te  

e .  Cast I r o n  Sec t ions  

a .  

b. 

C .  

U .  

b. 

C. 

a .  

b .  

C. 

d .  

e .  

Mecliu ni  ca I Ex cava t i  on 

C o n v e n t i o n a l  C o n s t r u c t i o n  Equ ipment  

S h i e l d  

a ,  S h i e l d  (under  pressure) 

Troins or Trucks 

Conveyors  

S l u r r y  P ipe l ines  

P r e - t a i t  C o n c r e t e  

Cast Iron Sect ions 

Stee l  P la te  

Sprayed C o n c r e t e  

Cas t - i n -P lace  C o n c r e t e  

a .  Trains or Trucks 

b .  Conveyors  

c .  S lu r ry  P ipe l ines  

a .  Pre-Cust C o n c r e t e  

h. Cast Iron Sscf-ions 

c .  S tee l  Plate 



3 . 2 . 1  Tunneling i n  Rock 

The most common excavat ion procedure i n  rock tunne l ing  i s  t h e  use 

of a d r i l l  ar-d b l a s t  c y c l e  i n  which holes  are d r i l l e d  i n  t h e  face or" t he  

tunne l  and exp los ive  charges are set o f f  i n  t h e s e  holes  t o  extend the 

t unne l .  

Depending on t h e  cond i t ion  oP t h e  rock, some form of roof support  may 

be i n s t a l l e d  f o r  s a f e t y  cons ide ra t ions .  AdTrantages of t h e  d r i l l  and 

blast ,  method a r e  t h e  r e l a t i v e l y  small investment i n  equipment required,  

t h e  low c o s t  of t h e  energy source, and t h ?  a d a p t a b i l i t y  of this rriethod 

t o  abrupt changes i n  g e o l o g i c a l  cond i t ions .  A s  disadvantages,  t h e  

c y c l i c a l  process i s  time-consuming i n  t h a t  one ope ra t ton  cannot be und6r.- 

taken u n t i l  t h e  pr6viou.s s t e p  i s  completed, ?here  a r e  dangers t o  worker-s 

from explosions and rock f a l l s ,  t h e  shock and v i b r a t i o n  produced d w i n g  

t h e  b l a s t i n g  o p e r a t i o n  may damage nearby s t r u c t u r e s ,  and often dur ing  

t h e  b l a s t i n g  ope ra t ion  more material may be excavated tha11 necessary 

( a l s o ,  removal of l o o s e  rock due  t o  r r acks  produced by t h e  explosions 

may r e s u l t  i n  t h e  dianeter of the tuxinel being inc reased  f o r  s a f e t y  

The b l a s t e d  m a t e r i a l  j s  then removed and t h e  c y c l e  i s  regeated.  

purposes).  

Mechanical excavators  (moles) capable  of produci ng tixuels a r e  

q u i t e  conunonly used i n  soil and s o f t  rock such as s h a l e  and sandstone. 

- Tn t h e  p a s t  twenty yea r s  about LOO moles have been built, and over 

150 miles  of tunnels have been excavated, ranging in s i z e  from 'I to  36 
feet i n  diameter.  However, experience wi th  t h e  use of moles i n  hard 

c r y s t a l l i n e  rocks,  such as g r a n i t e ,  i s  not  as exterisive.  

2 

Construct ton of  moles v a r i e s  from manufacturer t o  manufacturer, but 

t h e  b a s i c  design i s  e s s e n t i a l l y  the  same. Most machines c o n s i s t  of a 

r o t a t i n g  head u ~ i t  on which are mounted cutters and r o l l e r s .  Because of 

t h e  na tu rz  of t h e  c u t t i n g  arid crushing process, t h e  c u t t i n g  head must be  

d i sec t ed  a g a i n s t  the working f a c e  with very l a r g e  fo rce .  

Advantages c i t e d  f o r  the  use of  mechanical moles are t h a t  tile 

d r i l l e d  tunne l  produced has ve ry  smooth wa1l.s of t h e  c o r r e c t  diameter 

(no overbreak),  and ixlder f avorab le  cond i t ions  the r a t e  or" advancing 

t h e  tunne l  can be f a s t e r  than wi th  t h e  drill a n d  b l a s t  method. Disad- 

vantages of t h e  mechanical nethod are t k  l a r g e  c a p i t a l  investment i n  

t h e  machine, t h e  long l e a d  time y e q u i r e d  t o  d z s i g n  and f a b r i c a t e  a ciustom 



machine f o r  each job  ( a  given machine u s u a l l y  i s  designed t o  cut, a 

s p e c i f i c  hole  s i z e  i n  a c e r t a i n  rock o r  s o i l  type) ,  and t h e  t h r u s t s  

(as high as l , 5 O O , O O O  l 'os) r equ i r ed  t o  advance t h e  machine through t h e  

rock.  E a r l y  experience with mechanical moles showed cons ide rab le  "down- 

t i m e "  resulted due t o  machine failure and c u t t e r  replaceqent .  Fowever, 

r e c e n t  experience has been more f avorab le  and t h e r e  i s  no reason t o  

be l i eve  t h a t  t h e s e  problems cannot be solved i n  t h e  future. 

I n  a d d i t i o n  t o  improved mechanical mole design, i n t e r e s c  i s  being 

d i r e c t e d  toward new rock  p e n e t r a t i o n  methods such as chen ica l  d i s i n t e -  

g ra t ion ,  l a s e r  beams, and thermal d i s i n t e g r a t i o n .  One of t h e  more 

promising methods i s  t h e  use of high p r e s s u r e  water j e t s  which have the 

a b i l i t y  t o  t r ansmi t  l a r g e  amounts of c u t t i n g  energy t o  t h e  rock  without 

requFring l a r g e  t h r u s t s .  The results of experiments conducted wi th  a 

continuous water J e t  a r e  descr ibed i n  a companion r e p o r t .  19 

Few data are a v a i l a b l e  i n  t h e  l i t e r a t u r e  on t h e  economics of t h e  

d r i l l  and b l a s t  method versus t h e  c o s t  of machine exc'avatirsri. This 

arises i n  p a r t  because moles are not in common use a t  t h e  p re sen t  t i m e ,  

and few instar lees  occur  where both methods hzve been used i n  t h e  same 

rock. Eowever, a paper s tudy  has heen made for  t h e  AEC i n  which t h e  

estimated r o s t s  of t h e  c o n v m t i o n a l  d r i l l  and b l a s t  method ha-?e been 

compared with the  est imated c o s t  of  using a mole t o  d r i l l  t he  same 

diaqeter tunnel." 

be seen t h a t  without  equipment c o s t s  included, t h e  mole produced a 

t u n n e l  a t  a lower cos t  i n  t h e  m a t e r i a l s  excavated, w i t h  t h e  ex(-eption 

of  g r a n i t e .  However, f o r  a 10,000-foot tunnel,  when t h e  c o s t  of t h e  

mole was added t o  t h e  o p e r a t i n g  cos t ,  t h e  mole was economical only when 

t h e  naterial being tunneled was tuff wi th  a compressive s t r e n g t h  oE 

about 5,000 p s i .  

no s i g n i f i c a n t  irilprovement over t h e  c u r r e n t  " s t a t e - o f - t h e - a r t ,  I' and i t  

was f u r t h e r  assumed t h a t  t h e  machine would c o s t  t h e  same f o r  use i n  

granite or i n  tuff, which may not be t r u e .  

c r i t i c a l l y  a f f e c t s  %he comparison i s  t h e  compl5te amor t i za t ioc  of t h e  

rnoie during one p r o j e c t .  Reuse is s t r o n g l y  i n d i c a t e d .  

T a b l e  3.2 gives  t h e  results of t h i s  study. It can 

The mole design assumed i n  t h e s e  calculations r e p r e s e n t s  

Another assumption which 
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Table 3 .2  Estimated Costs for 12-Foot Diameter Tunnels 
by Mechanical Excavation (Mole) 

ve r sus  
Conventional D r i l l  and Blast Methods 20 

Mechani cal Excavation (Mole) 

(32 ft/shift) (16 ft/shift) (12 ft/shift) 

Dr i l l  and Blast 
(15 fP/shift) Tuff Dolomite Granite 

Elements of Boring Cost ($/ft)* 

Excavation 
Haulage 
Ground Support 
Track, Utilities, etc 

Total Boring Cost 

39 21 44 
19 13 19 
35 12 12 

50 44 49 

142 90 125 

~ - __ 

76 
25 
14 
59 

172 

- 

Equipment Cost Including Setup ($) 65, 800 476,000 476,000 476,000 

Estimated Total Cost for o 10, 000- 
foot Tunnel Including Equipment** $1,500,000 $1 I 400,000 $1 I 700, 000 $2,200, 000 

-__ ___II _ _ _ _ - - ~  
*All costs are direct costs to the contractor. 

**Total cost of equipment i s  written off i n  t he  construction of the 10,000-foot tunnel. No future use 
assumed for equipment. 

3.2.2 Tunneling in Se1f:Supporting S o i l  

Tunneling i n  s e l f - s u p p o r t i n g  soil i s  usua l ly  performed using a 

movable p r o t e c t i v e  cover o r  s h i e l d  f o r  s a f e t y  purposes until t h e  tunnzl  

can be l i n e d .  In s h i e l d  tunne l ing  the operzt ing c y c l e  c o n s i s t s  of 

excavat ing and support ing t k e  working face,  advancing t h e  s h i e l d ,  a n d  

then l i n i n g  t h e  t u n n e l  when t h e  s h i e l d  i s  moved. The s h i e l d  serves t o  

p r o t e c t  t h e  workers u n t i l  the l i n i n g  i s  i n s t a l l e d .  P re fab r i ca t ed  casi, 

i ron ,  steel ,  and conc re t e  s e c t i o n s  a r e  comonly  used l i n i n g  materials. 

Excavation i s  normally done by hand w i t h  shovels  o r  a i r - d r i v e n  spades. 

I n  some ins t ances ,  moles o r  mechanical excavators  with b u i l t - i n  

s h i e l d s  have been used. I n  se l f - suppor t ing  s o i l s  t h e  c u t t e r s  o r  r o l l e r s  

t h a t  a r e  r equ i r ed  for rock tunne l ing  are replaced wi th  blades o r  knives 

t h a t  s c rape  t h e  soil from t h e  f a c e  of t h e  tunne l .  For s o f t  materials, 

horsepower and t h r u s t  requirements are, of course, reduced over those 

needed f o r  rock tunnel ing.  
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3.2.3 Tunneling i n  S o f t  o r  Running Ground 

Moles o r  mechanical excavators  are not normally used  f o r  t unne l ing  

i n  s o f t  ground; t h e  main method used i s  t h e  s h i e l d  system wi th  compressed 

a i r .  

t unne l .  Most of  "Le famous subaqueous tunnels such as t h e  New York 

Ci ty  Hudson River  t unne l s  were excavated using t h i s  method, 

I n  1894, t h i s  s y s t e m  was developed t o  prevent  c o l l a p s e  of t h e  
21 

3.2.1 Muck Removal 

Muck removal i s  a common problem i n  a l l  t u n n e l i n g  methods. I n  

l a r g e  tunne7.s convent ional  mobile c o n s t r u c t i o n  equipment ( h i g h - l i f  ts, 

f ron t - loade r s ,  and t r u c k s )  can b e  used t o  remove t h e  material  from t h e  

working f a c e  and t r a n s p o r t  i t  ou t  of t h e  tunne l .  Small  d i e s e l  or e l e c -  

t r i c  t r a i n s  have a l s o  been used. I n  smaller t u n n e l s  b e l t  conveyors ere 

q u i t e  o f t e n  used, and some experience has been r epor t ed  on t h e  use o f  
22 

s l u r r y  p i p e l i n e  t r a n s p o r t  systems. 

Muck removal appears  t o  be t h e  mjor o b s t a c l e  t o  i n c r e a s i n g  t h e  

speed of t unne l ing .  I n  t h e  d r i l l  and b l a s t  method, i t  has been r epor t ed  

t h a t  one-third t o  one-half of t h e  c y c l e  tlime i s  devoted t o  muck removal 

ope ra t ions .  23 
produced by t h e  b l a s t i n g  operat ion,  t r u c k s  o r  train:: m e  t h e  most common 

hau l ing  method. Moles on the  o t h e r  hand produce srnaller p i eces  which 

normally are removed from t h e  working f a c e  by buckets  on t h e  r o t a t i n g  

head and t r a n s p o r t e d  by conveyor be l t s  t o  t h e  back of  t h e  mole. This 

material i s  amenable t o  f u r t h e r  t r a n s p o r t  i n  s l u r r y  p i p e l i n e s  o r  by 

conveyor b e l t s .  Muck from sh ie ld - type  ope ra t ions  -an be t r anspor t ed  by 

any of t h e  above - l i s t ed  methods. When t h e  s h i e l d  i s  ope ra t ing  under 

pressure,  the muck must be t r anspor t ed  through a i r  locks .  

Because of the r e l a t i v e l y  large-size p i eces  which are 

3.2.5 Mai-ntaining t h e  I n t e g r i t y  of  t h e  Ground 

I n  all.  forms of  tunnel ing,  some form of ground cor , t ro l  i s  required 

for s a f e t y  purposes and f o r  p r o t e c t i n g  t h e  i n t e g r i t y  of' t h e  tunnel openjng. 

The requirements  a r e  less r e s t r i c t i v e  f o r  hard rock  tunne l ing  than  f o r  

s o i l ;  however, rock  f a l l s  must be prevented. i n  hard rock, rock b o l t s  

are i n s e r t e d  and grouted i n t o  ho le s  d r i l l e d  i n  the upper p a r t  of the 

tunnel .  Other methods of c o n t r o l  introl-ve +*he use of sprayed conc re t e  



o r  t h e  m e  of p r e c a s t  li.niags of concrete ,  s t e e l ,  o r  c a s t  i ron .  The 

annular  space between t h e  l i n i n g  and tunne l  w a l l  may be f i l l e d  with 

concrete  or  g rou t  f o r  w a t e r t i g h t n e s s  and a d d i t i o n a l  support .  

3.3 Hor i zon ta l  Boring Techniques 

A d e t a i l e d  s tudy  of t h e  methods of h o r i z o n t a l  b o r i n g  h a s  been p e r -  

formed by t h e  U. S .  Bureau of Mines, and i t  was coacluded t h a t  t h e r e  

are a number of methods avai l -able  t h a t  can p r o v t d e  s h o r t  (up  t o  500 Feet)  

holes  of both larg? and small diameter i n  s o i l  and r o c k . l 7  The major 

concern, however, i s  t h e  accurace l o c a t i o n  of t h e  hole and t h e  nzed f o r  

a n  i n t e r f e r e n c e  warning system when d r i l l i n g  i n  a r e a s  where e x i s t i n g  

u t i l i t i e s  and other o b s t r u c t i o n s  may be present. 

the  USBM r e p o r t )  i l l u s t r a t e s  t h e  cos t ,  hole diameters,  Lengths, and 

accuracy r epor t ed  fo r  t h e  v a r i o u s  h o l e  d r i l l i n g  methods s t u d i e d .  

Table 3.3 ( taken from 



17 Table 3.3 Eorizontal S o i l - P e n e t r a t i o n  IvIethods 

PE NETRA TI  0 N MAXIMUM RANG €' 0 F 

BORED LENGTH DEAME TER ACCURACY RATES 
(in) (fpmj 

MATE RIA L HOLE HOLE 

(ft 1 

METHOD COST 
($/ft of hole) 

Spoil Augering Soils, Soft 570 2 to E4 
Rock 

Compacting Soils 
Augering 

200 1-1/4 to 4 
(reamed to 8 En) 

Water Boring Soils, Soft 50 * 2 t o 4  
Rock [reamed to 18 i n j  

Mechanical Mole Soils 100 3-3/4 to 5-7/!3 

Pipe Pushing Do 200 1 to 106 

Ovel-burden Any Material 100 4 
Drilling Soils and/or 

Rock 

Vibratory Soils 
(sonic) 

Machine Do 
Tunneling 

240 Up to  18 

Unlimited 66 to 450** 

Not Specified 

About 1' Error 

Not Soecified 

D O  

Error about . I  
percent of hole 
length for large- 
diameter holes 

Error about 1 
percent of hoie 
length 

Less than i 
percent error in 
some cases 

Excellent 

0.5 i.0 6 

2 to 8 

Similar to 
Spoil Augering 

1 t o 4  

0.1 to 0.2 
and Over 

0.44 i n  Broken 
Rock and Gravel 

60 

Up to 0.25 or 
More 

For 12-in or greater diameter, 
$1 .OO i o  $4.00 per inch of pipe 
diameter 

$0.10 to $0.20 (direct drill ing 
cost estimate) 

Similar to Spoil Augering 

iu c- 
Not Specified 

For 3- to &in diameter, $1 .90; 
for 12- to 30-in diameter (lined), 
$ 1  .50 to $4.00 per inch of hole 
dlameter 

Not Specified 

DO 

Costs Variable 

*Average uninterrupted length. 

**Present information shows that 50-ft-diam earth tunneling machines are in the design and construction stage. 



4. REQUTRENENTS FOR A UTILI'TY I N S T A L L A T I O N  SYSTEN 

The purpose of t h i s  s e c t i o n  i s  t o  analyze t h e  requirements of a 

u t i l i t y  i n s t a l l a t i o n  system and t o  determine areas where c e r t a i n  n;ethods 

of i n s t a l l a t i o n  have s p e c i a l  advantages.  Also d e t a i l e d  are the  a l t e r n a t e  

r o l e s  t h a t  s u r f a c e  excavat ion ( t r e n c h i n g )  and tvrlneling could p l a y  i n  

proTiiding t h e  spa(:e necessa ry  f o r  underground u t i l i t y  i n s t a l l a t i o n s .  

4.1 System Requirements 

A complete systern f o r  t h e  e f f ' i c i e n t  i n s t a l l a t i o n  of underground 

u t i l i t y  d i s t r i b u t i o n  networks i n  urban areas must be capable of :  

1. 

2.  

o p e r a t i n g  wi th  m i n i m u m  amounts of surface excavation, 

minimizing d i  s r i ipt ion and a s s u r i n g  c o n t i n u i t y  and 

r e l i a b i l i t y  of e x i s t i n g  se rv ices ,  

3. providing t h e  space necessary f o r  t h e  i n s t a l l a t i o n  

of the u t i l i t y ,  

4. i n s t a l l i n g  t h e  u t i l i t y  i n  t h e  space provided, a n d  

$. making t h e  connections r eyu i r ed  w i t h i n  t h e  u t i l i t y  

d i s t r i b u t i o n  system and with i t s  customers. 

4.2 Methods o f  U t i l i t y  I n s t a l l a t i o n  

Based on c u r r e n t  underground u t i l i t y  p r a c t i c e s ,  t h e  method of 

i n s t a l l a t i o n  can be descr ibed as being one of t h r e e  b a s i c  types.  

a re :  (I) d i r e c t l y  b u r i e d  i n s t a l l a t i o n s ;  ( 2 )  u t i l i t i e s  t h a t  a r e  i n s t a l l e d  

i n  ducts  or  condui ts  p rev ious ly  cons t ruc t ed ;  and (3) u t i l i t i e s  t h a t  are 

i n s t a l l e d  i n  l a r g e  condui ts  ( u t i l i t y  t unne l s )  which allow d i r e c t  personnel  

access  f o r  i n s t a l - l a t i o n  and maintenance. F ig .  I+.  Z i l l u s t r a t e s  t h e  t h r e e  

forms of u t i l i t y  i n s t a l l a t i o n  methods. 

T h e s e  

4.2.1 I n s t a l l a t i o n  by D i r e c t  B u r i a l  

D i r e c t l y  buried systems are  def ined as those  i n  which the  p ipe  or 

cable i s  in d i r e c t  c o n t a c t  w i t h  t h e  ground and cannot be na in t a ined  or 

a l t e r e d  without  t h e  need f o r  s u r f a c e  excavation. D i r e c t  b u r i a l  i s  t h e  
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most common method of i n s t a l l i n g  underground u t i l i t i e s  a t  t h e  present 

t i m e .  I n  most cases ,  d i r e c t l y  b w i e d  systems are  i n s t a l l e d  by t renching ,  

plowing-in, o r  j a c k i  ng-in procedures  a l though s p e c i a l  impact t unne l ing  

devices  (such as t h e  Pnewnagopher) can be  used t o  provide i n s t a l l a t i o n  

space without  producing l a r g e  amounts of' s w f a c e  d is turbance .  

EXCAVATION 

I N S T A L L  AT ION 

ORNL-DUG 7 O - t O 5 7 B R  

r - m  

-- EXCAVATION AND 
IN 5 TALI- AT ION SPACE 

DIRECTLY BURIED SYSTEM 

-- EXCAVATION AND 
I N S T A L L  AT I ON SPACE EXCAVATION 

I N S T A L L A T I O N  SPACE 
OR CONDUIT  

CONDUIT SYSTEM 
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Serv ice  connections,  valves  , and o t h e r  a u x i l i a r i e s  may be l o c a t z d  

i n  manholes o r  v a u l t s ,  o r  t hey  may be buried d i r e c t l y  i n  t h e  e a r t h  with 

no access  provided. D i r e c t l y  buried systems are not amenable t o  expan- 

s i o n s  t o  meet inc reased  demands without f u r t h e r  excavat ion.  TJnless 

manholes and access  p o i n t s  are provided, maintenance and  r e p a i r s  w i l l  

a l s o  r e q u i r e  f u r t h e r  excavat ion.  

f o r  u t i l i t y  i n s t a l l a t i o n  i n  suburban areas. 24'2s 

advantage of excavating a s i n g l e  t r ench  i n s t e a d  of i n d i v i d u a l  t r enches  

f o r  each u t i l i t y .  Major problems i n  using t h i s  type of system are  t h e  

concern about c o m p a t i b i l i t y  of  mu l t ip l e  u t i l i t i e s  and t h e  need for c l o s e  

coord ina t ion  so  t h a t  a l l  of t h e  companies are prepared t o  i n s t a l l  t h e i r  

pipes and c a b l e s  a t  about t h e  same time. 

t y p i c a l  i n s t a l l a t i o n s  i n  common t r enches .  

Recently,  i n t e r e s t  has developed i n  t h e  j o i n t  use of" a common t r ench  

This method offers t h e  

Fig.  4.2 i l l u s t r a t e s  some 
25 

4.2.2 I n s t a l l a t i o n  i n  Conduits o r  Ducts 

Here t h e  i n i t i a l  p o r t i o n  i n s t a l l e d  i s  the conduit ,  i n t o  which t h e  

u t i l i t y  i s  i n s t a l l e d  a t  a la te r  date when needed. U t i l i t y  condut ts  can 

be i n s t a l l e d  by t r ench ing  o r  tunnel ing.  They a r e  commonly used f o r  

e l e c t r i c  power and te lephone i n s t a l l a t i o n s  i n  l a r g e  c i t i e s .  Althoigh 

mainly f o r  cables ,  t h e r e  i s  no reason why condui ts  could not con ta in  

pipes .  Connections are normally made i n  manholes o r  i n  o the r  under- 

ground space provided f o r  t h i s  purpose. 

The main advantages of t h e  conduit  system are t h e  f l e x i b i l i t y  of 

being able  t o  i n s t a l l  and r e p l a c e  c a b l e s  without excavation, and the 

a b i l i t y  t o  provide expansion space f o r  f u t u r e  i n s t a l l a t i o n s .  However, 

t h i s  f l e x i b i - l i t y  r e q u i r e s  a number of access  p o i n t s  o r  manholes. Thus, 

although f u t u r e  excavat ion can be  e l iminated,  t h e  need f o r  access  t o  

t h e  manholes may not e l i n i n a t e  i n t e r f e r e n c e  with normal use of t h e  

su r face .  The conduit  system a l s o  provides more p r o t e c t i o n  t o  the 

u t i l i t i e s  than t h a t  provided by d i r e c t  b u r i a l  when damage t o  t h e  i n s t a l l a -  

t i o n  by o u t s i d e  sources  i s  considered.  

4.2.3 I n s t a l l a t i o n  i n  U t i l i t y  Tunnels 

A u t i l i t y  t u n n e l  system i s  b a s i c a l l y  a l a r g e  v e r s i o n  o f  t h e  conduit  

system and normally con ta ins  more t h a n  one u t i l i t y .  The c r i t i c a l  
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Fig.  4 -2 Typical. Examples of  I n s t a l l a t i o n s  
i n  Comon Trenches25 

d i f f e r e n c e  i s  s u f f i c i e n t  size fo r  d i r e c t  p e r s o n o e l  access .  

i s  cons t ruc ted  initially and t h e  u t i l i t i e s  are i n s t a l l e d  as needed.  

Cons t ruc t ion  i s  i n  t renches  or  tunnels. 

The t u n n e l  

Connections, where poss ib le ,  



are made i n  t h e  t u n e l  t o  minimize s u r f a c e  excavation. A s  i n  t h e  case 

of t h e  condui t  system, adequate expansion space must be provided f o r  

f u t u r e  needs. 

I n  t h e  United S t a t e s ,  u t i l i t y  t unne l s  are commonly used by univer- 

s i t i e s  and government i n s t a l l a t i o n s ,  'out only r a r e l y  by c i t i e s .  A s i r -  

vey of 1-9 c i t t e s  and 27 u n i v e r s i t i e s  showed t h a t  only Fairbanks,  Alaska, 

has a city-owned u t i l i t y  t unne l  system. However, 21 u n i v e r s i t i e s  used 

u t i l i t y  t unne l s .  Among u t i l i t i e s  i n  u n i v e r s i t y  tunne l s  were water, gas, 

e l e c t r i c ,  telephone, h e a t i n g  and cool ing,  sewers, c l o s e d - c i r c u i t  TV, 
and c l a s s  b e l l  c i r c u i t s .  The only complaint r epor t ed  about t unne l  use  

was t h e  lack oI" expansion space which r equ i r ed  d i r e c t  b u r i a l  of  newer 

u t i l i t i e s  o u t s i d e  the tunne l s .  

6 

Advantages of well-planned tunnels  are t h e  a b i l i t y  to  p r o ~ i d e  

expansion wi th  no excavation, t h e  p ro tec t ed  environment provided by 

t h e  tumel which reduces maintenance, and t h e  a b i l i t y  t o  i n spec t  and 

r e p a i r  t h e  u t i l i  t i e s  without  excavation. As mentioned above, expansion 

space must be designed i n t o  the  tunnel .  The need t o  provide t h i s  expan- 

s i o n  space along with t h e  necessa ry  access  space produces the main d i s -  

advantage of t h e  u t i l i t y  t m n e L ,  t h a t  is, t h e  high i n i t i a l  cos t .  

I n  a s tudy performed a t  t h e  Oak Ridge Na t iona l  Laboratory, a 

u t i l i t y  t u n n e l  sys tern and an equ iva len t  cormentional ly  b u r i e d  system 

were designed f o r  t h e  White P l a i n s  Cen t ra l  Retlewal P r o j e c t  i n  New York. 

The est imated c o s t  o f  t h e  e n t i r e  t u n n e l  system, c o n s i s t i n g  of about 

7000 f e e t  of tunnel,  was $8.2 m i l l i o n  ( i n c l u d i n g  u t i l i t i e s ) .  The 

conven t iona l ly  b u r i e d  s y s t e m  c o s t  e s t ima te  was $4.7 mi l l i on .  

b e n e f i t  a n a l y s i s  was attempted, b u t  t h e  r e s u l t s  were not conplusive 

because of incomplete da t a .  However, t h e r e  was an i n d i c a t i o n  t h a t  t h e  

higher  i n i t i a l .  cos t  of t h e  tunne l  s y s t e n  could be o f f s e t  by revenue from 

reasonable  user charges.  Costs  were based on t h e  use of convent ional  

open t r ench  excavat ion f o r  both t h e  t u n n e l  and t h z  buried system. 

5 

A c o s t -  

4.3 Func t iona l  Requirements 

I n  order  t o  s a t i s f y  t h e  system requirements presented ear l ier ,  a 

number of func t ions  must be accomplished, r e g a r d l e s s  of  t h e  method of 



excavation. However, t h e r e  are a nurber of a l t e r n a t i v e  methods by which 

each func t ion  can be accomplished f o r  t h e  two methods of  excavat ion,  

The purpose of t h i s  s e c t i o n  i s  t o  d e s c r i b e  t h e s e  a l t e r n a t i v e s .  

Completion or" t h e  fol lowing func t ions  i s  e s s e n t i a l  i n  providing a 

complete u t i l i t y  d i s t r i b u t i o n  system: (1) excavat ion a n d  b a c k f i l l ,  

(2 )  ground c o n t r o l ,  (3) l i n l n g ,  (4)  i n s t a l l a t i o n ,  (5) maintenance, 

(6)  s e r v i c e  connections,  and (7) expansion. 

L, 3 . 1  Excavation and B a c k f i l l  

Depending on requirements,  i n s t a l l a t i o n  spaces as small  a s  a few 

inches i n  diameter up t o  s e v e r a l  f e e t  might be needed. Depth requirements 

a r e  a l s o  v a r i a b l e ,  ranging from j u s t  below t h e  s u r f a c e  t o  ?O f e e t  or 

more.* Design cons ide ra t ions  w i l l  a l s o  d i c t a t e  t h e  l o c a t i o n ,  d i r e c t i o n ,  

and t h e  alignment t o  grade f o r  t h e  i n s t a l l a t i o n  space. The excavation 

must be performed w i t h  minimal i n t e r f e r e n c e  wi th  e x i s t i n g  u t i l i t i e s  e 

The excavat ion method s e l e c t e d  w i l l  depend on such th ings  as l o c a l  geo- 

l o g i c  cond i t ions ,  t h e  amount o f  u t i l i t i e s  a l r e a d y  i n s t a l l e d  i n  t h e  

a rea ,  t h e  depth of i n s t a l l a t i o n ,  and c o s t s .  After t h e  i n s t a l l a t i o n  has 

been completed, b a c k f i l l  i s  r equ i r ed  i n  t renching,  bu t  not i n  t imnel ing.  

. 4.3.2 Ground Con t ro l  

While excavat ion i s  being performed and be fo re  t h e  u t i l i t y  i s  

i n s t a l l e d ,  temporary ground c o n t r o l  may be r equ i r ed  to  p re se rve  t h e  

i n t e g r i t y  of t h e  opening. I n  t h e  c a s e  of t renching,  t h i s  i s  usual ly  

provided b y  using wood or s t e e l  sho r ing  t o  prevent  cave-in. For 

tunnel ing,  t h e  approach i s  d i f f e r e n t  s i n c e  no t  only t h e  s i d e  walls are 

o f  concern but  a l s o  t h e  top  o f  t h e  tunnel .  The amount of ground con- 

t r o l  necessary i n  tui inel ing ranges from t h e  use of rock b o l t s  i n  rock 

t o  the  i n s t a l l a t i o n  o f  temporary l i n i n g  i n  sof't ground. The temporary 

ground c o n t r o l  may become p a r t  of  t h e  f i n a l  l i n i n g .  

I n  a d d i t i o n  t o  geologic  cons ide ra t ions ,  ground c o n t r o l  i s  dependent 

on depth. Shallow trenches may not  r e q u i r e  ground c o n t r o l ;  however, 

"Some u t i l i t y  t unne l s  a t  t h e  IJrriiversitji o f  Minnesota are more than 80 
f e e t  below t h e  surfaceeC 



r e g u l a t i o n s  u s u a l l y  r e q u i r e  sho r ing  once a c e r t a i n  depth ( t y p i c a l l y  four 

t o  f i v e  f e e t )  i s  reached. For deep t renches,  sho r ing  becomes a si.gni- 

f i c a n t  problem and may a f f e c t  t h e  u t i l i t y  i n s t a l l a t i o n  by reducing 

access  and working area. 

by personnel. not p o s s i b l e )  some remote method of p rov id ing  t h e  ground 

con t ro l ,  such as by pushing a p ipe  or cas ing  i n t o  t h e  hole,  wheth'er it 

i s  shallow or deep, i s  usually- r equ i r ed .  S ince  e a r t h  presswe inc reases  

wi th  depth, ground c o n t r o l  i s  i n c r e a s i n g l y  important i n  deep tunne l s .  

I n  l a r g e  tunnels ,  t h e r e  i s  t h e  advantage of being a b l e  t o  i n s t a l l  t h e  

necessary ground c o n t r o l  from wi th in  t h e  tunne l .  

I n  t h e  case  of s m d l  t unne l s  ( p h y s i c a l  access  

4.3.3 Lining 

Once t h e  i n t e g r i t y  of' t h e  excavation has been assured,  t h e  f i n a l  

l i n i n g  can be i n s t a l l e d  if requ i red .  Because of t h e  d e f i n i t i o n  of 

d i r e c t  b u r i a l  used i n  t h i s  r e p o r t  (see Sec t ion  4.2.1), l i n i n g  i s  not 

r equ i r ed  i n  t h i s  type of i n s t a l l a t i o n .  However, because of being i n  

d i r e c t  c o n t a c t  w i t h  t h e  e a r t h ,  cab le s  atid pipes  may be wrapped o r  coated 

f o r  co r ros ion  p r o t e c t i o n  or t o  prevent  the inf low of water. I n  our 

a n a l y s i s ,  t h i s  c o a t i n g  i s  a requirement of t h e  u t i l i t y  and not of t h e  

i n s t a l l a t i o n  system. 

Linings ( d u c t s  o r  condui ts)  are commonly used i n  e l e c t r i c  and . 

te lephone d i s t r i b u t i o n  systems i n  downtown urban areas. Normally, 

u t i l i t i e s  using p ipes  do not  a l s o  use conduit  systems, w i th  t h e  exception 

of c e r t a i n  steam h e a t i n g  u t i l i t i e s ,  or in cases where s p e c i a l  cond i t ions  

e x i s t  such as a p l p e  pas s ing  under a highway or r a i l r o a d  t rack.  Lining 

i r ? _  t h e  case  of  u t i l i t y  t imnels  i s  t h e  t u n n e l  i t s e l f .  

I n  open-trench cons t ruc t ion ,  t h e  l i n i a g  e i t h e r  can L e  cans trucked 

i n  p l ace  or put  t o g e t h e r  i n  s e c t i o n s .  In the case  of t m n e l s ,  t h e  same 

i s  t r u e ;  however, f o r  small-diameter tunnels ,  p r e f a b r i c a t e d  l i n i n g s  are 

most common, and for l a r g e  tunnels ,  ca s t - in -p lace  l i n i n g s .  
2 

In a d d i t i o n  t o  providing t h e  f i n a l  i n s t a l l a t i o n  space, t h e  l i n i n g  

a l s o  p r o t e c t s  t h e  u t i l i t y  from damage by i n s t a l l a t i o n  or  maintenance 

of o the r  u t i l i t i e s  or  from o t h e r  cons t ruc t ion .  The l i n i n g  f u r t h e r  

protects t h e  u t i l i t y  from f a c t o r s  such as co r ros ion  o r  f looding.  
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L .3.4 I n s t a l l a t i o n  

During t h e  i n s t a l l a t i o n  phase t h e  necessa ry  va lves  and  a u x i l i a r i e s  

a r e  connected and s e r v i c e  connections are  a d d e d .  Normally, t h e s e  

s e r v i c e  connections t e rmina te  a t  some d i s t a n c e  from t h e  d i s t r i b u t i o n  

mains and can be connected t o  t h e  consumer when r equ i r ed .  

I f  t r ench ing  i s  used, t h e  conductor can be lowered i n t o  t h e  t r ench  

and the  connections made, o r  as i n  plowing-in, t h e  u t i l i t y  condtxctor 

can be pu l l ed  i n t o  t h e  ea r th ,  and t h e  connections made l a t e r .  If tin- 

n e l i n g  methods are used, t h e  u t i l i t y -  l i n e  can be pulled o r  pushed i n t o  

t h e  tunnel,  of t h e  materials can be brought i n t o  l a r g e r  t unne l s  and 

assembled. Thus, one p o t e n t i a l  advantage of open-trench i n s t a l l a t i o n  

i s  t h e  use OS f i e l d  f a b r i c a t i o n  techniques to assemble t h e  u t i l i t y  l i n e  

be fo re  lowering it i n t o  t h e  t r e n c h  (no t  p o s s i b l e  with s m & l  t u n n e l s ) .  

For t h e  v a r i o u s  i n s t a l l a t i o n  systems ( d i r e c t  b u r F a l ,  conduit ,  o r  

u t i l i t y  t u n n d ) ,  i n s t a l l a t i o n  procedures may be similar, but  ihe rua.teria1.s 

of cons t ruc t ion ,  methods of  connecting, and t h e  a u x i l i a r i e s  m a y  be 

q u i t e  d i f f e r e n t .  As prev ious ly  mentioned, coa t ings  and wrappings a r e  

o f t e n  appl ied t o  p ipes  b u r i e d  d i r e c t l y  i n  t h e  earth bu t  may be unnecessary 

wi th in  condui t  o r  u t i l i t y  tunnels .  It may a l s o  be  p o s s i b l e  t o  use 

e n t i r e l y  d i f f e r e n t ,  perhaps cheaper, materials i n  condut ts  and tunne l s  

f o r  cab le s  and pipes .  However, a u t i l i t y  t i innel  r e q u i r e s  p ipe  hangers 

and supports  such as c a b l e  t r a y s  f o r  t h e  u t i l i t i e s .  

Access or  space f o r  connections (bo th  l i n e a r  and branching) are 

(I) because of t h e  need to r equ i r ed  i n  underground u t i l i t y  systems: 

provide consumer s e r v j c e  connections; (2 )  because of p ipe  o r  c a b l e  

l e n g t h  1imitat ; ions caused by manufactming techniques or t r a n s p o r t a t i o n  

problems ; (3 ) because of i n s  t a l l a t i o n  problems, such as f r i c t i o n  i n  

p u l l i n g  o p e r a t i o n s ;  ( 4 )  because of t h e  need t o  in t e rconnec t  various 

p a r t s  of t h e  system i n i t i a l l y  and t o  make connections t o  a u x i l i a r i e s ,  

such as loading c o i l s ,  j u n c t i o n  boxes, t ransformers ,  and v a l v e s ;  and 

(5) because of t h e  need t o  bu i ld  f l e x i b i l i t y  i n t o  t h e  system. 

Depending on t h e  type  of u t i l i t y ,  these access  p o i n t s  may b e  man- 

holes ,  handholes, o r  va lve  boxes. I n  systems i n s t a l l e d  by t r ench ing  

methods, t h e  access  p o i n t s  a r e  normally pu t  i n  a t  t h e  t i m e  t he  u t i l i t y  

i s  i n s t a l l e d .  I f  tunne l ing  methods are used, t h e  access  p o i n t s  may be 

d r i l l e d  l a t e r  from the s u r f a c e  t o  i n t e r s e c t  t h e  tunne l .  
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I n  both  d i r e c t l y  b u r i e d  systems and condui t  systems, manholes or 

access  p o i n t s  will be r e q u i r e d  f o r  f u t u r e  u t i l i t y  i n s t a l l a t i o n  and 

maintenance i f  ruinimim excavat ion  i s  to be  achieved. In t h e  case  of 

u t i l i t y  tunnels ,  l a r g e  numbers o f  manholes may no t  be  requi red ,  except  

t o  provide  personnel  access  and t o  i n s e r t  materials i n t o  t h e  tunnel .  

It  may a l s o  be p o s s i b l e  t o  provide  personnel  access  to a u t i l i t y  t u n n e l  

from bu i ld ing  basements o r  park ing  garages through spur  tunnels .  

4.3.5 Maintenance 

TJnderground u t i l i t y  systems r o u t i n e l y  r e q u i r e  maintenance and r e p a i r .  

30 th  prevent ive  (such a s  repacking va lves  and c l ean ing  steam t r a p s )  and 

emergency mainteiiancs ( such  as r e p l a c i n g  broken pipes  o r  sho r t ed  cab le s )  

;ire performed on v a r i o u s  components of a t y p i c a l  u t i l i t y  d i s t r i b u t i o n  

system. Unfortunately,  i n  most underground d i . s t r ibu t ion  systems t h e r e  

i s  no way t o  l o c a t e  f a i l u r z s  unless  they can be de tec ted  in manholes o r  

observed From t h e  s u r f a c e  by a s p e c i a l  d e t e c t i o n  device.  

Maintenance normally r e q u i r e s  t h e  opening of  one o r  more manholes, 

o r  excavat ion t o  t h e  S O I J I ' C ~  of t he  t rouble ,  bo th  of which d i s r u p t  s i r f a c e  

a c t i v i t i e s .  Only if u t i l i t i e s  were i n s t a l l e d  i n  tunnels  l a r g e  enough, 

t o  a l low access  f o r  naintenance could Lhis problem be e l imina ted .  I n  

exchange, t h e r e  are t h e  probl-ems of moving men and rnateyials t o  t h e  

t r o u b l e  i n  t h e  tunnel ,  made easier by mul t ip l e  access  po in t s .  I f  t h e s e  

mul t ip l e  access  p o i n t s  are manholes, aga in  one may d i s r u p t  t h e  r i g h t - o f -  

way above t h e  tunnel .  A design i n  crowded urban weas which might 

f a c i l i t a t e  connect ions and maintenance i s  t h e  connect ion o f  t h e  main 

t u n n e l  wi th  t h e  basements of bu i ld ings ,  perhaps on one s i d e  of t h e  

s t r ee t  only.  Conduits could then  be  d r i l l e d  from. ane basement over t o  

o t h e r s  under t h e  s t ree t  for s e r v i c e  connect ions.  

Cons idera t ion  must a l s o  be  given t o  t h e  s a f e t y  and i n t e r f e r e n c e  

problems r e s u l t i n g  from t h e  concen t r a t ion  of d i f f e r e n t  u t i l i t i e s  i n  a 

u t i l i t y  tunnel .  For* example, t e lephone  cables  might p i c k  up s i g n a l s  

from e l e c t r i c  power cab le s .  And t h e r e  i s  some ques t ion  as t o  whether 

gas  and e l e c t r i c  l i n e s  w i l l  b e  parmi t ted  t o  sha re  a publ ic  u t i l i t y  

t u n n e l  because or' s a f e t y  cons ide ra t ions ,  a l though some p r i v a t e  tunne l s  

have them toge ther .  Although t h e  u t i l i t y  t u n n e l  reduces t h e  p o t e n t i a l  
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f o r  damage t o  u t i l i t i e s  from outside,  

damage t o  u t i l i t i e s  from i n s  t a l l a t i o n  

t h e r e  i s  always t h e  p o t e n t i a l  €or 

or r e p a i r  of o t h e r  u t i l i t i e s  with- 

i n  t h e  t u n n e l  ( spa rks  from welding, impact from maintenance veh ic l e s ,  

e t c . ) .  

Spec ia l i zed  veh ic l e s ,  equipment, and tools have been developed t o  

tnaintain both d i r e c t l y - b u r i e d  and conduit-contained u t i l i  t i e s  ; however, 

t h e  same equipment would probably not be adap tab le  f o r  maintenance i n  

u t i l i t y  t unne l s .  Thus, widespread use of u t i l i t y  tvrlnels w i l l  l i k e l y  

require t h e  development of e n t i r e l y  new a n d  d i f f e r e p t  v e h i c l e s ,  tools, 

and techniques.  

4.3.6 S e r v i c e  Connections 

Se rv ice  connections t o  consumers are normally made a f te r  t h e  

u t i l i t y  l i n e  i s  i n s t a l l e d  and operat ing.  However, during t h e  i n s t a l l a -  

t i o n  phase, p r o v i s i o n  i s  u s u a l l y  mad? f o r  f u t u r e  customer s e r v i c e  by 

connections t o  t h e  main u t i l i t y  l i n e s  extended t o  some predesignated 

loca t ion ,  such as t h e  curb or prope r ty  l i n e .  These Lateral connection 

terminat ions may be placed i n  access  boxes, or  buried i n  d i r e c t  c o n t a c t  

w i th  t h e  e a r t h .  Connections from t h e  consumer t o  t h e  access  boxes can 

be provided by t renching,  jecking-in,  o r  tunnel ing.  

Mo matter how much thought has gone i n t o  t h e  o r i g i n a l  system design, 

t h e r e  w i l l  always be unant ic ipated s e r v i c e  connections.  The s e r v i c e  

l i n e  w i l l  then have t o  be connected d i r e c t l y  t o  t h e  lnain p ipes  o r  cab le s  

i n  t h e  d i s t r i b u t i o n  system by t r ench ing  or tunnel ing.  If small diameter 

tunne l ing  i s  used f o r  s e r v i c e  l i n e  i n s t a l l a t i o n ,  arid t h e  main l i n e  i s  

d i r e c t l y  b u r i e d  o r  i n  conduit ,  i t  w i l l  s t i l l  be necessary t o  excavate 

from t h e  s u r f a c e  f o r  t h e  f i n a l  connections.  Space must  be provided f o r  

workmen t o  t a p  t h e  p i p e  o r  s p l i c e  t h e  cab le  s i n c e  t h e  equipment and 

techniques f o r  accomplishing t h e s e  t a s k s  au tomat i ca l ly  o r  remotely f r o n  

a sma l l  t u n n e l  have n o t  y e t  been developed f o r  rout i f ie  use. 

s e r v i c e  l i n e  i s  placed i n  a t rench,  the  s p l i c e  o r  connection can be made 

i n  t h e  t r ench  using convent ional  techniques,  which i n  t h e  case  of c e r -  

t a i n  u t i l i t i e s ,  such a~ water arid gas, can be performed without s h u t t i n g  

down t h e  u t i l i t y .  However, whether excavation i s  by tunne l ing  o r  

t renching,  s e r v i c e  l ' lne connections t o  cab le s  i n  condui t  systems p resen t  

I f  t h e  
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an a d d i t i o n a l  problem i n  t h a t  t h e  condui t  i t s e l f  must a l s o  be pene t ra ted  

without  damage t o  t h e  u t i l i t y .  I n  t h e  c a s e  of u t i l i t y  tunnels ,  i t  may 

be  p o s s i b l e  t o  d r i l l  t h e  tunne l  t o  t h e  consumer, o r  v i c e  versa ,  and make 

t h e  connection in t h e  tunne l  where working space i s  ava i l ab le ,  thus  

e l imina t ing  su r face  excavat ion.  This i s  a p a r t i c u l a r l y  advantageous 

feature of such tunnels .  

4.3.'7 Expansion 

Most u t i l i t y  systems are undergoing f requent  changes, o f t e n  due t o  

increased  loads .  Urban renewal, expressway cons t ruc t ion ,  arid suburban 

growth have also caused s i g n i f i c a n t  changes i n  urban u t i l i t y  d i s t r i b u t i o n  

systems. I n  add i t ion ,  because of changing dernands and t h e  need t o  up- 

grade t h e  q u a l i t y  of s e r v i c e  provided, u t i l i t y  companies a r e  r equ i r ed  

t o  r e t i r e  ( i n  some cases  without  removal o f  p ipes  o r  cab le s )  p a r t s  of 

t h e i r  s y s t e m  and r e p l a c e  t h e  r e t i r e d  s e c t i o n s  w i t h  l a r g e r  capac i ty  

l i n e s .  I n  t h i s  report,,  expansion i s  considered as t h e  add i t ion  o r  

replacement of u t i l i t i e s  w i th in  i n s t a l l a t i o n  space previous ly  provided. 

I n  cases  where t h e  expansion was no t  a n t i c i p a t e d ,  f u r t h a  i n s t a l l a t i o n  

would be essentiaI.1-y the  same as a new i n s t a l l a t i o n ,  

D i r e c t  b u r i a l  does not  provide f o r  expansion unless  spa re  cab le s  

or p ipes  are i n s t a l l e d  when t h e  t r e n c h  o r  t u n n e l  i s  excavated. Conduit 

systems can more e a s i l y  a l low f o r  expansion by provis ion  of spare  ducts ,  

or by al lowing rerrioval of e x i s t i n g  cables  o r  p ipes  and replacif ig  them 

wi th  l a r g e r  capac i ty  p ipes  o r  cab le s .  U t i l i t y  t u n n e l  s y s t e m  can most 

e a s i l y  allow f o r  expansion by t h e  p rov i s ion  of e x t r a  space a t  t h e  t i m e  

of i n s t a l l a t i o n  of t h e  t u n n e l  without  d e t a i l e d  s tudy  of t h e  conf igu ra t ion  

va r ious  expansions would r equ i r e ,  o r  by allowi.ng t h ?  removal and r ep lace -  

merit of t h e  undersized u t i l i t y  l i n e s  wi th in  Lhe tunnel .  However, t h e  

c o s t  of providing t h i s  extra space i s  one of  t h e  most important d i s a d -  

vantages of t h e  u t i l i t y  t unne l  concept.  

Obviously, t h e  a b i l i t y  of t h e  i n s t a l l a t i o n  system t o  handle  expan- 

s i o n  depends on t h e  p r e d i c t a b i l i t y  of future u t i l i t y  demands. Cercain 

system changes may be r equ i r ed  t h a t  are almost impossible  t o  p r e d i c t  

( such  as those  re la ted t o  urban renewal or  expressway cons t ruc t ion ) .  

However, t h e  S I I C C ~ S S  of any i n s t a l l a t i o n  system w i l l  depend i n  p a r t  on 

i t s  f l e x i b i l i t y  without  complete knowledge of  t h e  f u t u r e .  



4.4 Summary of I n s t a l l a t i o n  System A l t e r n a t i v e s  

As was pointed out befol-e, t he  u t i l i t y  i n s t a l l a t i o n  system can 

follow t h r e e  types of design and t h e  space can be provided by e i t h e r  

t r ench ing  or tunne l ing  methods of excavat ion.  There are c e r t e i n  

advantages and disadvantages which depend on t h e  method of  excavation, 

as summarized i n  Table h . 1 .  

of  t r ench ing  occur only i n  shallow trenches.  As the depth or" t h e  t r ench  

inc reases ,  t h e s e  advantages are  reduced o r  lost. The raajor disadvantages 

of  t r ench ing  are r e l a t e d  t o  t h e  excavat ion process  i t s e l f :  i n t e r f e r e n c e  

with p e d e s t r i a n  and v e h i c u l a r  movement caused by t h e  excavat ion equip- 

ment, t h e  excavated e a r t h ,  and the equipment f o r  removal of excess e a r t h .  

Counterbalancing t h e s e  disadvantages a r e  advantages r e s u l t i n g  from 

s i m p l i f i e d  access  to t h e  i n s t a l l a t i o n  space. 

It can b e  seen t h a t  most or" t h e  advantages 

Tunneling p r e s e n t s  an almost oppos i t e  set  of advantages and d i s -  

advantages. Use of tunne l ing  appears much more f e a s i b l e  f o r  deep 

u t i l i t i e s ,  wh i l e  a t  shallow i n s  t a l l a t i o n  depths i n  most s o i l s  t r ench ing  

i s  cheaper. Tunneling o f f e r s  t h e  advantage of' minimum s u r f a c e  d i s t u r b -  

ance, but  poses d i f f i c u l t  problems of  s a f e t y  and r e s t r t c t e d  access  fo r  

men, machines, and m a t e r i a l s  - Machine methods o f  t unne l ing  appear to 

o f f e r  more r a p i d  excavat ion and lower c o s t s  than con-machine methods, 

but a t  p re sen t ,  l i m i t e d  use has r e s t r i c t e d  machine development and 

s t a n d a r d i z a t i o n  

I n  general ,  the method of exravat ion used has l i t t l e  e f f e c t  on 

u t i l i t y  i n s t a l l a t i o n  design. I n d i v i d u a l  d i r e c t l y - b u r i e d  u t i l i t i e s ,  

conduit  systems, or  u t i l i t y  t unne l s  could b e  i n s t a l l e d  using e i t h e r  

t u r n e l i n g  o r  t r ench ing  methods; s e l e c t i o n  o f  t h e  method depends on 

depth of b u r i a l ,  amount of e x i s t i n g  u t i l i t i e s ,  and economics. 

When u t i l i t y  i n s t a l - l a t i o n  designs are coapared, t h e r e  m e  another  

set  of  advantages and disadvantages which are r e l a t e d  t o  i n s t a l l a t i o n ,  

maint enance, s e r v i c e  connections,  and expans ion. These a l t e r n a t i v e s  

are sumned up i n  Table L .2. 

At t h e  p r e s e n t  time, t h e  most common method of  u t i l i t y  i n s t a l l a t i o n  

i s  d i r e c t  b u r i a l .  However, t h e  method i s  i n f l e x i b l e  i n  terms of system 

expensions and r e p a i r s  unless  f u t u r e  excavat ion can be t o l e r a t e d .  i f  
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T a b l e  4.. 1 Comparison or" Excavation Al te rna t ives  
for l n s t a l l a , t i o n  of Utilities 

1 .  

2 .  

3 .  

4 .  

5. 

6. 

1 .  

2 .  

3. 

4 .  

5. 

6. 

7 .  

8 .  

Pro 

Standard earth excavating equipment can be 
used. 

For shallow installations, t r e n c h i n g  i s  less 
costly than tunneling. 

Lining can be placed easier and faster be- 
cause of direct access to work space. 

Pipe can be fabricated in  long sections be- 
fore installation in trench. 

N o  liFe support systems required 

T r e  n c h i n g i s  more adaptable to changes in  
geology than tunneling. 

Con 

S h o r i n g  for ground c o n t r o l  m a y  restrict 
working space in deep trenches. 

Working schedules are dependent on surface 
weather conditions. 

More e x c a v a t i o n  is required in trenching 
than for tunneling. 

Trench must be backfilled after installation 
of utilities. 

Material removed from trench must be stock- 
piled, either a t  site or elsewhere. 

Trenches in  streets require removal and re- 
placement of paving ~ 

Trenches disturb the surface, 
traffic, and are unsightly. 

interfere with 

Trenching i s  di f f icult  in areas where large 
amounts of uti l i t ies exist. 

1 .  

2 .  

3 .  

4 .  

5 .  

1 .  

2 .  

3 .  

4 .  

5. 

6. 

7. 

Pro 

Tunneling can provide installation space a t  
depths necessary to  avoid obstructions, and 
i s  not limited to open areas such as streets. 

Surface disturbance is minimized by tunnel- 
ing. 

Less excavation of material i s  required than 
for trenching ~ 

Excavation i s relotively insensitive t o  sur- 
face weather. 

Promising n e w  tunneling methods offer po- 
tential of more rapid excavation. 

Con 

Tunnels a t  great depths wi l l  cause problems 
in service connections 

Tunneling p r o v i d e s  o n l y  the installation 
space, not the s u r f a  c e access required to 
install and maintain the ut i l i ty .  

Tunneling i s  expensive, difficult, and haz- 
ardous; ground control is required. 

Tunnels require l i fe support systems for work- 
men. 

Access and muterials handling become more 
complicated as working face i s  advanced. 

M a  c h i n e  tunneling requires very expensive 
custom-made machines which are sensitive to 
changes from predicted geology. 

Sma l  1 market f o r  machines has  restricted 
their development and standardization. 



Table 4 .2  Comparison of U t i l i t y  
I n s t a l l a t i o n  Design A l t e r n a t i v e s  

DIRECTLY-BIJRIED SYSTEJM CCNDUIT SYSTEM UTI1 ITY  TUNNEL SYSTEM 

1 .  

2. 

3 .  

4.  

5 .  

6. 

1 .  

2 .  

3 .  

4 .  

5 .  

Pro 

Dirsctly-buried systems do not require d,icir 
or linings. 

Initallotion p r a y  be cheapei and faster be- 
came speciolized methods (e.g. ,  plowing- 
in) can be used. 

A minimuin ainwnt of cxcoviltioii is iaqu;red 
per ut i l i ty  becovse i n r t a i l a t i o n r p c e  i s  
needed m l y  Far cable or pipe. 

Plowing-in or pulling-iri teclm;quer w h i c h  
require minimum excavation aod produce o 
minimum of ruriace disturbance con be used. 

Muintenonce can be performed in manliolei 
i f  installed in the iyrtem. 

More than one ut i l i ty  con be located in L] 
trench (joint M common trench) 

Con 

Become of direct contact wirh earth, 
tective coatings nay be required. 

Extro-strong piper a rd  coblei must be pro- 
vided #hen i n s t a l  l e d  bypul l iny- in  tech- 
nique. 

E x c a v a t i o n  n ~ i ~ f  be perbrmed for service 
connections when monholF.r ore not provided 
initiollj.. 

Fncovotion i s  required to repair and replace 
directly-buried components. Points of foil- 
"re cannot be observed without excumtion. 

Directly-buried zyrtemr are i h i l e x i b l e  to 
growth i n  demand; system expansion require3 
exmiat ion.  

Inrpectiun of the ini t ial  inrtgillution must be 
completed before backfill ing i s  done. 

Uiiecrly-buried systemsore v u l n e r a b l e  to 
phyrical damage irsm externol solrrcei. 

The actunl physical location of a d i i e r t l j -  
bi ir i rd u t i l i ty  i s  dii f icult  to determine. 

Joint trenching requires c I o 5  e coordination 
before and during installotion. 

pro- 

f r o  

1 .  Expnsion s p c r  con be included i n  the ini- 
t ial  duct iiutalbzti'n w h i c h  m a y  minimize 
future exemation. 

The conduit provides pi ly icu l  protectiori for 
the ut i l i ty .  

Cobles or pipes can be installed or removed 
from ducts without excorntion. 

2 .  

3 .  

CO" 

1 .  Many rwnl.olei ore required for f lexibi l i ty of 
operation. 

Moinienanca or r r p a  i i OF uti l i i ier requires 
opening one or more rranholer. 

Foreign moteriol m a y  get into conduits mak- 
iny the iemovol or addition nt utilitie5 dif f i -  
c v l t .  

M o n h o l e i  offoid crowdad norking condi- 
tiom. 

2. 

3. 

4. 

5 .  The c o n d u i t  s y s t e m  i imoreodoptableto 
cables than tu r igid piper. 

i 

2 .  

3 .  

4. 

5 

6 .  

7 .  

1 .  

2 .  

3 .  

Pra 

A u t i  I i t  y tunnel prauider bo t l ;  protection 
f rom extern01 durnoye oi>d II protected e w i -  
conmen! for u t i l i ty  inrtollotionr. 

u t i l i t i e s  a r e  moreaccessible for surveil- 
lance, maintenance, and repair. 

Expxqiion of u t i l i ty  systems con be uccom- 
plished wi ihovi  excavation. 

Installation I n d  maintenonce are r d  depen- 
dent on weather conJitionr. 

Surhce access points c a n  be rninimiied or 
eliminated. 

The u r i l i t j  t u n n e l  scheme i 5  adaptable tu  
new ut i l i ty  concepts 

Futwe irrvice ,:wme;t~om COT be made ,with 
minimum or OD exiuvcltiyn. 

C"" 

Becauseof access r e q u i r e i n r n t r  with ino 
ut i l i ty  tunnel, t h e  space required m a y  ts 
lorge. 

E q c o v a t i o n  i s  c i i t l y  becuiiic ,,fiizeund 
depth raqdirrmentr, o n d  t h e  need to hnul 
away eycei: earth. 

Ne+, i n r t a l l a t i a n o n d i n o i n t r r i u i : ~ . e t e c h -  
niqiias may be reiuiied for utilities installed 
i n  u t i l i ty  tunnel<. 

Ut i l i ty  tunnels are enpmive on (i first-cnrt 
basis. 

Ventilation, lighting, drainoge, et=. oro 
required 

The possibility exists of dumagiog one ut i l i ty  
while working on another. 

Access by unauthorized personnel must  b e  
prevented. 

C o m p i b i l i t y  between utilities i rwi t  I;e con- 
sidered 

the d i r e c t l y  b u r i e d  sys tem is not  i n s t a l l e d  with manholes, hand hales,  

and o the r  m e a n s  of convenient access ,  excavat ion w i l l  be  r equ i r ed  for 

a l l  ope ra t ions .  However, i n  a r e a s  where changes are in f r equen t  and 

expansion i s  l i m i t e d ,  d i r e c t  b u r i a l  techniques w i l l  probably cont inue 

t o  be t h e  s imples t  and most economical. 

One mod i f i ca t ion  of the d i r e c t l y  buried system that minimizes the 

amount, of i n i t i a l  excavation is t h e  use of joint or cormon t r enches  for 
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i n s t a l l a t i o n  of  mul t ip l e  u t i l i t i e s .  This method r equ i r ed  c l o s e  coordina- 

ti-on between the  u t i l i t y  companies involved du r ing  a l l  phases of planning 

and i n s t a l l a t i o n ,  

may have t h e  disadvantage of g r e a t e r  p r o b a b i l i t y  of damage t o  one u t i l i t y  

by maintenance work on another,  b u t  t h i s  could p o s s i b l y  be o f f s e t  by 

improved r eco rds  of  t h e  a c t u a l  i n s t a l l a t i o n  produced by a photographic 

survey j u s t  be fo re  t h e  t r e n c h  i s  closed.  

arid has not been used f r e q u e n t l y  i n  America. Tt 2 h ,  25 

In congested areas where f l e x i b i l i t y  i s  needed toge the r  with 

minimum s u r f a c e  dis turbance,  condui t  systems az’e commonly used. I n  

general ,  t h e s e  systems are used f o r  cab le s  or wires al though t h e r e  would 

appear t o  be a p o s s i b i l i t y  of t h e i r  use for pipes.  The main advantages 

of t h e  condui t  system are t h e  a b i l i t y  t o  i n s t a l l ,  remove, and r e p a i r  

cab le s  conveniently,  and the ease wi th  which exparision space can be pro- 

vided by spa re  ducts .  I n  o r d e r  t o  u t i l i z e  t h i s  f l e x i b i l i t y ,  a large 

number of  manholes o r  access  ho le s  must be i n s t a l l e d  i n i t i a l l y  so t h a t  

connections can be  made or  broken a s  needed. Thus, a l though excavat ion 

i s  minimized ,  t h e  p o t e n t i a l  f o r  s u r f a c e  d i s tu rbance  i n  t h e  form of  open 

manholes i s  s t i l l  p r e s e n t .  

26 

A s  p rev ious ly  mentioned, u t i i i t y  t unne l s  art3 not common i n  c i t i e s  

but  are quite common on (or ,  r a t h e r ,  under) u n i v e r s i t y  campuses. Their 

main disadvantage i s  t h e  i n i t i a l  cost which i s  increased by t h e  desire 

t o  provide expansion and working space. I n s t a l l a t i o n  of va r ious  u t i l i t i e s  

i n  t:mneLs r e q u l r e s  t h a t  t h e  u t i l i t i e s  be compatible, and adequate means 

n u s t  be provide.7 t o  p reven t  damage t o  one u t i l i t y  by a failure of another .  

Tunnels r e q u i r e  v e n t i l a t i o n ,  l i g h t i n g ,  access  con t ro l ,  arid alarm 

systems f o r  safe ope ra t ion .  However, t h e  u t i l i t y  tunnel  a l lows expansion, 

maintenance, and repair  a c t i v i t i e s  t o  be performed without  s u r f a c e  d i s -  

turbance. The t u n n e l  i t s e l f  serves t o  protect t h e  u t i l i t i e s  from darnzge 

from o u t s i d e  sources and provides a p ro tec t ed  erivirorirnent which might 

a l low t h e  use of d i f f e r e n t  and, perha.ps, cheaper materials of c o n s t r u c t i o n  

f o r  t h e  u t i l i t i e s  khan t h o s e  used wi th  conduit  o r  d i r e c t l y  buri-ed system. 
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A s  t h e  popu la t ion  inc reases ,  t h e  dercands placed on u t i l i t y  d i s t r i -  

but ion systems a l s o  i n c r e a s e .  I n  add i t ion ,  populat ion migrat ion frorn 

c e n t r a l  c i t y  areas t o  suburbs produces a need f o r  w i d e r  u t i l i t y  d i s t r i -  

but ion.  

companies which have i n  t h e  p a s t  l oca t ed  most of t h e i r  d i s t r i b u t i o n  

s y s t e m  overhead w i l l .  i n c r e a s e  t h e  f r a c t i o n  of d i s t r i b u t i o n  s y s t e m  

which are loca ted  underground. 

Based or] c u r r e n t  t r ends  i t  i s  a l s o  apparent  t h a t  u t i l i t y  

Data with which t o  p r o j e c t  f u t u r e  u t i l i t y  needs i s  sketchy; i n  

t h e  case of c e r t a i n  u t i l i t i e s  (such as water and sewers), i t  i s  impossible  

even t o  determine t h e  t o t a l  number of miles of  p ipes  or l i n e s  i n  e x i s t i n g  

systems because no c e n t r a l  o rgan iza t ion  appears t o  t a b u l a t e  t h i s  informa- 

t i o n  f o r  t h e  e n t i r e  United S t a t e s .  

A survey of t h e  100 l a r g e s t  SMSAs i n  t h e  United S t a t e s  was made t o  

determine i f  t h e  demand f o r  c e r t a i n  u t i l i t i e s  i n  t h e  next  20 years  would 

be high, medium, o r  low. The r e su l t s  o f  this survey are given i n  

Appendix B. However, a t t empt s  t o  use t h e  survey demand estimates t o  

gene ra t e  t o t a l  miles of u t i l i t y  i n s t a l l a t i - o n s  so  far have not- been 

successful ,  p r i m a r i l y  because of incomplete data about t h e  s i z e  of 

e x i s t i n g  systems. The choice of t h e  phrase 'rdemand f o r  u t i l i t i e s "  was 

also misleading; perhaps a r eques t  f o r  a numerical  milage e s t ima te  

would have been p r e f e r a b l e .  

;c 

Another way t o  p r e d i c t  f u t u r e  underground u t i l i t y  requirements i s  

t o  assume t h a t  sewey, water, gas, e l e c t r i c ,  and te lephone systems w i l l  

&row a t  t h e  same r a t e  as municipal s t r e e t s .  

a l l  are provided in each new growth ar?a, bu t  does not t a k e  i n t o  account 

system growth i n  areas where s t ree ts  are a l r e a d y  i n s z a l l e d .  

case of sewers, and perhaps natural  gas, t h e s e  assumptions a r e  probably 

q u i t e  i n a c c u r a t e  because l a r g e  a r e a s  now be ing  served by water, t e l e -  

phone, and e l e c t r i c  u t i l i t i e s  do not have sewers and gas a t  t h e  p re sen t  

t i m e ,  but w i l l  r e c e i v e  t h e s e  s e r v i c e s  la ter  as t h e  populat ion d e n s i t y  

i n c r e a s e s .  

This approach assumes t h a t  

I n  t h e  

"The g u i d e l i n e  used i n  t h e  survey w a s  t h e  l e n g t h  o f  the e x i s t i n g  water 
o r  sewer system. 
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5.1 Conventional U t i l i t y  Systems 

5.l.l Water 

Data from t h e  annual  r e p o r t s  of one pub l i c  and f i v e  p r i v a t e  watzr 

companies showed t h a t  t h e  growth r a t e  i n  t h e  l e n g t h  of t h e  water d i s -  

t r i b u t i o n  system during t h e  par iod 1.965’ t o  1967 atrcrzged t h r e e  pe rcen t  

per  year (see Table 5.1). Unfortvrlately, no information i s  a v a i l a S l e  

or! t h e  l e n g t h  of  t h e  water d i s t r i b u t i o n  systems i n  t h e  United S t a t e s .  

In 1967, t h e r e  were approximately 530,000 miles of municipal s t reets  

i n  the country, and du r ing  t h e  per iod 1965 t o  1967, tk growth r a t e  of 

s t r e e t s  was about two pe rcen t  pe r  year.- 37 

water mains are assumed t o  be approximately equa l  tu the number of miles  

o f  municipal streets,  t h e r e  may have been about 5 3 0 , C O O  miles of water 

mzins i n  ope ra t ion  i n  1.968. Furthermore, t h e  a n t i c i p a t e d  annual growth 

i n  t h e  milage o f  municipal w a t e r  d i s t r i b u t i o n  systems may be between 

two and  t h r e e  pe rcen t  of the e x i s t i n g  length.  Thus, the f u t v r e  demand 

f o r  water mains could range from 10,000 t o  15,000 miles  p e r  year. 

t h e  u n i t  c o s t  for mains r epor t ed  i n  Appendix C, S e c t i o n  C . 1 ,  t h i s  would 

i n d i c a t e  a n  irivestrnent o f  $200 t o  $300 a i l l i o n / y e a r  i n  water system 

extensions.  The d i s t r i b u t i o n  of t h e s e  cr)sts t o  i n d i v i d u a l  c i t i e s  w i l ~ ,  

of course,  depend on suburban growth and t h e  age of i n s t a l l e d  sysbems, 

but  t h e s e  f i g u r e s  a r e  probably r cp rese r i t a t ive  of a n t i c i p a t e d  annual 

I f  t h e  number of miles of 

At 

growth of  water d i s t r i b u t i o n  systems i n  t h e  near f u t u r e .  

5.1.2 Sewers 

Est imates  of t h e  c u r r e n t  and future milage of sewers i n  t h e  IJnited 

S t a t e s  are not a v a i l a b l e .  However, t h e  Fede ra l  Water P o l l u t i o n  Control, 

Agency (FWPCA) has est imated t h a t  28.4 million people p r e s e n t l y  l i v e  i n  

Luisewered urban They also e s t i m a t e  t h a t  sewers for 

t h e s e  people w i l l  c o s t  $3.9 b i l l i o n ,  i n  a d d i t i o n  t o  t h e  $2.3 b i l l i o n  

r equ i r ed  f o r  sewers t o  meet expected populat ion gro-wta during t h e  p e r i o d  

1969-1973. 
i nc lude  t h e  cost of s e p a r a t i n g  combined s a n i t a r y  arid storm sewers o r  

providing new storm sewers. Estimates of t h e  c o s t  of s e p a r a t i n g  

e x i s t i n g  combined sewer systems range from $30.4 b i l l i o n  t o  $48.8 b i l l - ion .  

These f i g m e s  a r e  for s a n i t a r y  sewers only, and do not  



Based on t h e  c a p i t a l  cost es t ima te  developed i n  Sec t ion  C.2, i t  appears 

t h a t  as much as 25,000 miles o f  s a n i t a r y  sewers w i l l .  be needed per year 

through 1973. However, an  i n c r e a s e  of  about 10,000 miles per  year, 

based on t h e  p ro jec t ed  growth rates of  municipal s t r e e t s  and water sys-  

tems, may be more r e a l i s t i c .  

Table 5.1 Rates  o f  Growth of Se lec t ed  Water Systems* 

Water System 

Average 
Mains Added Growfh 
(ft ) (“A) Rate 

Length 
Mains * * 

( f ? )  
( W y r )  

Indianapolis, Indiana 1965 7,784,555 198,679 
1966 7,973,689 237,229 
1967 8,260, 725 338,787 

Muncie, Indiana 1965 1, 183,727 24,561 
1966 1,201,565 18,609 
1967 1,202,321 24,648 

Gary-Hobart Water Co. 1965 2,354,704 50, 861 
1966 2,404,656 80, 130 
1967 2, 480, 875 42,636 

Bridge port Hydra u 1 i c 1964 4, 886,266 170,601 
1965 5,251 I 870 233, 576 
1966 5,481, 173 203,425 
1967 5,677,686 161,865 

Connecticut Water Co. 1964 2,245,134 87,274 
1965 2,386,481 88,851 
1966 2,454,999 90,849 
1967 2,533,330 76,320 

Defroit, Michigan 1964 38,509,372 1 , 120, 803 

1966 40,376,989 1,043,635 
1965 39,438,151 1,225,445 

2.6 
3 .O 3.2 
4.1 

2.1 
1.5 1.9 
2 .o 

2 “ 2  
3 - 3  2.4 
1.7 

3.5 

4 * 4  3.6 
3 “7 
2.9 

3 ” 9  

3 . 6  
3 -7 
3 “ 7  
3 .O 

2.9 
3.1 2.9 
2 -6  

*Dato f rom annual reports f i led with state regulatory agencies, except for Detroif 
which publishes its own annual report. 

*“Length at start of year. 

5’. 1.3 Natural Gas 

I n  1968 a survey was made t o  determine t h e  amount of natural gas 

d i s t r i b u t i o n  p i p i n g  i n s t a l l e d  i n  t h e  300 l a r g e s t  gas d i s t r i b u t i o n  sys- 

t e m ~ . ~ ’  R e s u l t s  indicate t h a t  around 650,000 miles of gas mains were 



i n s t a l l e d  a t  t h e  end of 1968 ( e x c l u s i v e  of t h e  small selavice l i n e s  

connecting t h e  consumers t o  t h e  mains m o u n t i n g  t o  ano the r  350,000 miles ) ,  

and t h a t  t h e  ra te  of new i n s t a l l a t i o n s  f o r  t h e  previous two yea r s  was 

about 3 percent  pe r  yea r .  I t  was f u r t h e r  determined t h a t  ni3w and r e -  

placement mairis (bo th  s t ree t  mains and s e r v i c e  Lines)  involved an 

investment of  about $20,000/mile. 

per  m i l e  of gas main confirm t h i s  e s t ima te  ($9,000 t o  $32,90o/mile 

with an average of  $18,00O/rnile). 

i n s t a l l a t i o n s  i n  t h e  next f e w  yea r s  w i l l  average about 20,000 miles 

pe r  year  a t  an i n v e s t n e n t  o f  about $400 mil l ion/year .  

O u r  s t u d i e s  of c a p i t a l  investment 

Thus, i t  appears t h a t  gas main 

5 . l .k  E l e c t r i c  Power 

E l e c t r i c a l  World magazine compiles yeb r ly  s t a t i s t i c s  on the amount 

and c o s t  o f  ex tens ions  t o  underground and overhead t ransmission and 

d i s t r i b u t i o n  systems. R e s u l t s  of t h e i r  sLzrTzeys f o r  tne y-ars  l956-l57O 
are shown i n  Table 5.2= It can be seen t h a t  t h e  t r end  t o  underground 

u t i l i t y  d i s t r i b u t i o n  systems i s  inc reas ing ,  and t h a t  t h e  amount i n s t a l l e d  

i s  approaching 7000 miles per year. I n  1970, t h e  power companies 

estimate t h a t  it w i l l  c o s t  $380 m i l l i o n  t o  i n s t a l l  t h e  6,r7.30 miles of 

underground d i s t r i b u t i o n  system requ i r ed .  I n  1570, approximately 15 
percent  of all d i s t r i b u t i o n  l i n e s  i n s t a l l e d  w i l l  be underground. 

5.1.5 Telephone 

Est imates  of t h e  growth of underground d i s t r i b u t i o n  systems €or 

telephone companies car! be der ived from t h e  annual  r e p o r t s  t h a t  t h e  

companies must, f i l e  wi th  t h e  F e d e r a l  Communications Cornisston. The 

companies are r equ i r ed  t o  r e p o r t  t h e  amount of condui t  i n s t a l l e d  (on 

both a t r ench  m i l e  and a duct m i l e  basis), t h e  amount of undergrowd 

c a b l e  i n s t a l l e d  i n  the conduit ,  and t h e  t o t a l  amount of buried cab le  

i n  t h e  system a t  t h e  end or" each yea r .  Forms were obtained from t!re 

FCC for t h e  y e a r s  l96k t o  1969 f o r  f o r t y  of  t h e  l a r g e s t  te lephone 

companies f i l i n g  r e p o r t s .  Included i n  the forty were all of t h e  

companies making up t h e  B e l l  Tdephone  System. 

Fig.  5.1 shows t h e  amounts of underground f a c i l i t i e s  added during 

t h s  p a s t  f i v e  yea r s .  Although t h e r e  i s  a t r end  towards i n c r e a s i n g  
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t h e  amount of undergrourrd p l a n t  i n s t a l l e d ,  i t  can be seen t h a t  t h e  

amount i n s t a l l e d  each yea r  i s  reasonably cons t an t .  

a conse rva t ive  e s t ima te  of y e a r l y  i n s t a l l a t i o n  would be  50,OOO t o  60,000 

miles of  b u r i e d  cable,  and 2,OOC t o  3,000 t r ench  miles of conduit  sys- 

tem.  

Based on Fig.  5.1, 

Table 5.2 Growth of Underground 
and Overhead E l e c t r i c a l  D i s t r i b u t i o n  Sys terns-* 

Underground Instal led O v e r h e a d  Instal led 
Year (Cable  Miles) (Pole Mi les) 

Transmission Distr ibut ion Distr ibut ion 

1956 3 54 

1957 2 52 

1958 234 

1959 343 

1 960 242 

1961 194 

1962 151 

1963 288 

1 964 213 

1965 343 

1966 239 

1967 331 

1968 175 

1969 185 

1970 (Est.) 283 

2, 225 

2, 563 

1,749 

2,085 

2,421 

3,253 

4,971 

4,380 

3,474 

2, 854 

3,747 

5,584 

6,304 

6,366 

6, 730 

54,267 

53, 017 

41, 145 

43,307 

40,553 

39,747 

30, 808 

29, 888 

33,574 

38,057 

34,555 

38,798 

39, 173 

35,964 

36,486 

*From "Sta t i s t ica l  Reports, Part I", Elec t r ica l  World, usual ly  in 3rd  
issue e a c h  year (1963-1970). 

Using the cos ts  i n  Appendix C,  Sec t ion  C . 5  and t h e  amolmts of under- 

ground p lan t  estimated above, from $380 to $1160 m i l l i o n  w i l l  be  in-fested 

i n  b u r i e d  c a b l e  and from $6h t o  $96 mi1.l.ion would be  invested i n  conduit  

systems annual ly .  

5.1.6 Cofmunitv Antenna Telev i s ion  (CATV) 

Considerable  deaand i s  fo re seen  for  c o a x i a l  I'V networks in t h e  near 

futixre (see Appendix B ) .  Current ly ,  most of t h e  systems are above-groucd, 
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b u t  w i th  t h e  t r end  i n  suburban aress to providing underground s e r v i c e s ,  

t h i s  u t i l i t y  i s  also being i n s t a l l e d  miderground. As CATV becomes more 

popular,  t he  miles 02 underground i n s t a l l a t i o n s  may approach t h a t  f o r  

underground e l e c t r i c  power (many thousands o f  miles per y e a r ) .  

5.1.7 C e n t r a l  Heating and Cooling 

Because of t h e  p r e s e n t  r a t h e r  l i m i t e d  use of c e n t r a l  hea t ing  and 

coo l ing  f a c i l i t i e s ,  da ta  are not a v a i l a b l e  from which t o  make T u t u r e  

p r o j e c t i o n s .  However, it would appear 'chat such i n s t a l l a t i o n s  d u r i n g  

t h e  next decade would be only a small f r a c t i o n  of t h e  amount aP water 

mains and sewers, perhaps amounting t o  a f e w  t e n s  of m i l l i o n s  03 d o l l a r s  

p e r  year .  A d e l i b e r a t e  government p o l i c y  t o  reduce thermal. p o l l u t i o n  

by u t i l i z i n g  a p o r t i o n  of  power p l a n t  waste hea t  f o r  urban h e a t i n g  and 
coo l ing  could chenge t h i s  p r o j e c t i o n .  30 

5.1.8 summary 

The anni-id growth\ ra te  p r o j e c t i o n s  for t h e  aforementioned conven- 

t i o n a l  u t i l i t y  systems are summarized in Table 5.3. 

T a b l e  5.3 Estimzted Annual Growth 
of Cotiventional U t i l i t y  Sys t em 

System 
Estimafed Annual Growth 

(mi I es) 

Water 1 0,000- 1 5,000 

Sanitary Sewers 10,000-25,000 

Natural Gas 20,000 

Electric Power" 6,700** 

Telephone* 50,000-60,000~ * 
CATV" 5,000- 6,000 

Central Heating and Cooling - 
- 

*Underground instollations ~ 

"*Cable miles.  
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5.2 P o t e n t i a l  New U t i l i t y  Systems 

5.2.1 Pneumatic Tube Mail De l ive ry  

c a r r i e d  out i n  Europe for many yea r s .  31 
London i n  1853, wers l-1/2 i n .  diamzter and a f e w  hundred yards  long. 

A t  one time London had 34 miles of 2-1/4 t o  3 i nch  tubes i n  i t s  system. 

I n  Pa r i s ,  about 230 miles of pneumatic tubes were i n s t a l l e d  i n  t h e  

sewer system beginning i n  1351 t o  t r a n s m i t  m a i l  and telegrams, and t h e s e  

tubes are s t i l l  i n  use. 32'33 
Vienna, Berl in ,  Milan, and Zurich.  r n  general ,  tubes i n s t a l l e d  i n  Europe 

were small diameter (3 i n .  or l e s s ) .  I n  t h e  United S t a t e s  between 1893 
a n d  1916, pneumatic tubes up t o  8 i n .  diameter were i n s t a l l e d  t o  c a r r y  

m a i l . 3 "  I n s t a l l a t i o n s  were made i n  New York C i t y  (2'9 mi l e s ) ,  Ph i l ade lph ia  

(10 miles), Boston ( 7  miles), St. ~ouis (2  miles) ,  and Chicago (10 miles). 

The s e r v i c e  was s a t i s f a c t o r y  and the r e l i a b i l i t y  was high. Their use 

was discont inued becausa t h e  amounts of  m a i l  t o  be handled exceeded the 

c a p a c i t y  of t h e  systems. 

c o n t r a c t o r s  and t h e r e  was f r equen t  c r i t i c i s m  of t h e  revenue received by 

t h e  ope ra to r s  s i n c e  t h e r e  were no competi tors .  

Delivery of mail and telegrams by p n e m a t l e  tube t r a n s p o r t  has been 

The f i r s t  tubes,  i n s t a l l e d  i n  

Pneumatic tubes were a l s o  i n s t a l l e d  i n  

Furthermore, t he  systems were owned tjr p r i v a t e  

I n  reviewing pneumatic tube experience i n  t h e  United Skates  and 

Europe, i t  would appear t h a t  t h e  use of pneumatic tubes t o  move m a i l  

between c e n t r a l  p o s t  o f f i c e s  and l a r g e  o f f f e e  bu i ld ings  should be r e -  

examined. Cur ren t ly  in Germany, r e s e a r c h  i s  being performed on t h e  use 

of  l a r g e  tubes (from 17.7 i n .  t o  27.6 in .  ) by t h e  German postal system. 

The 17.7 i n .  tubes a r e  pneumatical ly  operated,  b u t  t h e  l a r g e r  t ube  uses 

a c a r r i e r  which i s  s e l f - p r o p e l l e d .  

35 

5.2.. 2 

Current ly ,  cons ide rab le  i n t e r e s t  i s  being d i r e c t e d  t o  a l t e r n a t i v e  

methods of s o l i d  waste c o l l e c t i o n  i n  u-ban areas.36 Not only L S  s o l i d  

waste c o l l e c t i o n  expensive (about 85 pe rcen t  of t h e  t o t a l  bandling c o s t ) ,  

i t  i s  a noisy,  d i r ty ,  and dangerous occupation. T r a f f i c  congest ion 

caused by t h e  numerous c o l l e c t i o n  vehicles has a l s o  been c i ted  as a 

reason f o r  developing a l t e r n a t i v e  c o l l e c t i o n  methods. 

Advanced Solid Waste Handling 
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One s o l u t i o n  t o  t h e  problem would be t o  move t h e  c o l l e c t i o n  system 
3 7 underground. Pnemmt i c  and slurry pumping systems have been proposed. 

The Cen t ra l sug  system of vacuum c o l l e c t i o n  has been used i n  Sweden and 

London wi th  g r e a t  success  and an i n s t a l l a t i o n  i s  c u r r e n t l y  being C G ~ -  

p l e t e d  i n  t h e  United S ta t e s .38  I n  t h i s  process  s o l i d  waste i s  c o l l e c t e d  

i n  chutes i n  apartment b u i l d i c g s  and released through va lves  on a pre-  

s e l e c t e d  schedule  or demand b a s i s  into t h e  main vacuum c o l l e c t i o n  system. 

The s o l i d  waste i s  t r anspor t ed  pneumatical ly  through t h e  underground 

c o l l e c t i o n  system t o  a main processing a r e a  where i t  i s  coinpacted and 

con ta ine r i zed  f o r  i n f r equen t  t r a n s p o r t  t o  t h e  d i s p o s a l  s i t e .  No g r ind ing  

o r  s i z e  r educ t ion  i s  performed before  vacuum t r a n s p o r t ,  s i n c e  zxperience 

has  shown t h e  s g s t z m  w i l l  move any i tem small enough t o  be p u t  i n  t h e  

chute e 

I n  a s l w r y  punping system, the s o l i d  waste would be c o l l e c t e d  wikh- 

i n  t h e  bu i ld ings ,  ground t o  reduce p a r t i c l e  s i z e s ,  s l u r r i e d  wi th  water 

( o r  sewage), and then pumped uridergroimd t o  a c e n t r a l  processing a rea .  

The main d i f f e r e n c e  bet-ween t h e  two approaches d e s c r i b e d  above i s  the 

need t o  g r ind  the waste i n  t h e  s lu r ry  pumping approach a n d  the p o s s i b l e  

e l i m i n a t i o n  of' the con ta ine r i zed  t r a n s p o r t  step. 

5.2.3 Underground Material Transport  

One a d d i t i o n a l  method of reducing cotigestion i n  dense urban areas 

would be t o  r e p l a c e  f r e i g h t - c a r r y i n g  trucks wi th  some form of underground 

t r a n s p o r t a t i o n  system. This might t a k e  t h e  form of conveyor b e l t s  or 

automated v e h i c l e s  o p e r a t i n g  i n  tunnels .  I n  London, t h e  P o s t a l  S e r v i c e  

has an automated r a i l r o a d  for  moving m a i l  and p a r c e l s  between pos t  

Chicago also i n s t a l l e d  a tunriel system i n  1908 t o  c o l l e c t  
i-0 

ashes and r e f u s e  i n  t h e  downtown area. 
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6.1 Direct-Cost  Bene f i t s  

One d e s i r a b l e  feature  of ap advanced u t i l i t y  i n s t a l l a t i o n  system 

would be  t o  reduce the c a p i t a l  c o s t s  of i n s t a l i a t i o n .  T h i s  could  be  

accorpl ishef i  by reducing  t h e  amount 02 excavat ion requi red ,  o r  by re- 

ducing the  c o s t  o f  excavat ion by apply ing  new t e c h n n l o a .  Cost reduc-  

t i o n s  could b e n e f i t  t h e  consumer by Tate r educ t ion  and by alloTNing 

underground u t i l i t i e s  t o  b e  expanded i n t o  areas where they  are not  

cowmonly i n s t a l l e d  a t  t h e  p re sen t  t i m e .  

However, i n  t h e  case of most u t i l i t y  conpanlee, t h e  d i s t r i b u t i o n  

system r e p r e s e n t s  a relative?:[ emall  p o r t i o n  of t h e  t o t a l  c a p i t a l  

i n v e s t e d  in t h e  en t i r e  u t i l i t y  system, a n d  or?ly a f r a c t i o n  of  t h e  

d i s t r i b u t i o n  c o s t s  are r e l a t e d  t o  t h e  i n s t a l l a t i o n  system. -4s a n  

example, Consol idated Rdisorl  ~ I I  igd'/ hac1 50 percent  or' i t s  t o t a l  

c a p i t a l  inves ted  in i t s  d i s t r i b u t i o n  system. T h e  t o t a l  d i s t r i b u t i o n  

system, however, a l s o  inc ludes  silch items as t ransformers ,  s t a t i o n  

equipment, an6 meters, which would be  needed t o  ope ra t e  the system 

regardless of how the  system i s  i n s t a l l e d .  Much t h e  same occurs  i n  

o t h e r  u t i l i t y  companies, w i th  the except ion  of those  t h a t  c a r r y  out 

a d i s t r i b u t i o n  f u n c t i m  on ly  and do no t  produce what t h e y  s e l l .  

fore ,  a l though hkqdreds of m i l l i o n s  o f  dollers are spen t  on i n s t a l l a -  

t i o n s  each year, and reiliLctions i n  t h e  cos t  of i n s t a l l i n g  u t i l i t i e s  

may save l a r g e  sums of money, t h e  r e su l t , ,  unfortu.nately, would probably 

produce only a small percentage  >.eduction i n  u t i l i t y  r a t e s .  

There- 

6.1. I Trenching Cos ts  

Equipmect c u r r e n t l y  a v a i l a b l e  for t r ench ing  ope ra t ions  has evolved 

t o  t h e  p o i n t  a t  which s i g n i f i c a n t  changes i n  t h e  procedures used i n  

excavat ion will not produce s i g n i f i c a n t  c o s t  sav ings  per unT t volurne of 

excavated t rench .  Trenchi_rg machines can produce essentially any size 

or depth t r ench  r a p i d l y  and  economically.  However, i t  appears t h a t  

s i g n i f i c a n t  c o s t  sav ings  per  m i l e  of  i n s t a l l e d  u i i l i k y  - can be produced 

i f  nore than  one u t i l i t y  i s  placed i n  a t rench,  thus e l i a i n a t i n g  t h e  

need f o r  m u l t i p l e  t r enches .  



Another rcethod o f  reducing t h e  amount of excavat ion and consequently,  

t h e  cos t ,  

n iques desc r ibed  i n  S e c t i o n  3.1, p a r t i c u l a r l y  i n  new subd iv i s ions  o r  

new toxins c r e a t e d  i n  non-urban areas. The major d e t e r r e n t s  t o  t h e  use 

of plowing-in or common t r e n c h i n g  i n  p re sen t  urban areas a re  e x i s t i n g  

u t i l i t i e s  and t h e  need t o  remove paving i f  t h e  i n s t a l l a t i o n  i s  i n  an  

exis t i r ig  s t reet .  

would b e  a n  inc reased  use of  plowing-in o r  p u l l i n g - i n  tech- 

F ig .  6.1 g ives  one example of the c u r r e n t  es t imated c o s t  of t r e n c h i n g  

and u t i l i t y  i n s t a l l a t i o n  as a f u n c t i o n  o f  t h e  s i z e  of t h e  i n s t a l l a t i o n  

space provided. The f i g u r e s  i n c l u d e  t h e  c o s t s  of  t r e c c h i n g  using cor)- 

v e n t i o n a l  methods and present-day t r ench  design and t h e  a d d i t i o n a l  cos ts  

f o r  i n s t a l l i n g  r o n c r e t e  sewer p ipe .  

6.1.2 'Tunneling Costs  

Costs of t unne l ing  (e i ther  manna1 or  machine) i n  t h e  s i z e  ranges 

shown i n  Fig. 6.1  do not  e x i s t  i n  s u f ' f i c i m t  number t o  be conclusive,  

b u t  Mayo sugges t s  a c o s t  f o r  tunrieling in crushed rock  01% unconsoli-  

dated sediments of  about $ 4 7 O / f t .  for 9-ft. dianieter tunnels ,  and the 

r epor t ed  c o s t s  f o r  two 5 .5-f t .  t u n n e l s  ( i n c l u d i n g  a one-foot conc re t e  
41 l i n i n g )  excavated by machine i r l  Chicago range from $200 t o  $210/ft. 

2 1  

I n  an a n a l y s i s  done by Fenix and Scisson,  I n c . ,  and Arthur D. L i t t l e ,  

I n c .  of 16 d i f f e r e n t  s o f t  ground tunne l ing  p r o j e c t s  i nvo lv ing  sewer and 

dra in ,  water supply, subway t r a n s i t ,  and automobile tunnels ,  volume- 

weighted average c o s t s  of  $38.41/cu. yd., $76.lO/cu. yd. ,  $130.6g/cu. yd. , 
and $183.11/cu. yd . ,  r e s p e c t i v e l y ,  were reported.42 

ho le s  t h i s  g ives  a c o s t  range of $:j4/ft. t o  $ l h O / f t .  

For 5.5 ft- diameter 

Paone,1'7 e t  a l . ,  i n  t h e i r  s tudy  of ho r i zo r l t a l  boring i n d i c a t e  t h a t  -- 
c o s t s  i n  the  range o f  $1 t o  $4 pe r  i nch  diameter pe r  f o o t  can be a t t a i n e d  

using procedures such  as augering or p ipe  pushing i n  soil. For 5.5 ft. 
diameter ho les ,  t h i s  would g ive  cos t s  of $66 t o  $264/ft. i n d i c a t i n g  t h a t  

for a p p l i c a t i o n s  w h e r e  s o i l  augering or p i p e  j a c k i n g  can be performed, 

c o s t s  are  i n  t h e  sane range as machine tunneling. 

U n t i l  more r a p i d  tunne l ing  machines capable  of producing small 

d i a m e t e r  t u i ine l s  of t h e  s i z e  range i n d i c a t e d  i n  F ig .  6.1 can b? developed, 

or  until the amount of' turineliny r e q u i r e d  i n c r e a s e s  t o  t h e  stage that 
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machines can be amortized over m a n y  projecTs, t unae l ing  f o r  u t i l i t y  

i n s t a l l a t i o n  appears  t o  be  economical on ly  i n  a p p l i c a t i o n s  where u t i l i t i e s  

must be  i n s t a l l e d  a t  g r e a t  depths  and open t r ench ing  i s  not  fea-s ible ,  or 

i n  arzas where s o  many u t i l i t i e s  are c u r r e n t l y  loca t ed  t h a t  i t  i s  more 

ecor,omicai t o  cons ider  t unne l ing  below them i n s t e a d  of excavat ing  through 

them. 

6.2 Ind i r ec t -Cos t  Bene f i t s  

I n d i r e c t  b e n e f i t s  w i l l  accrue  from i n s t a l l a t i o n  systems t h a t  do not  

i n i t i a l l y  produce s i g n i f i c a n t  s u r f a c e  d is turbances .  However, t h e s e  bene- 

Ki t s  are hard t o  q ~ a r - t i t ' y . ~ ~  

caused by t renching  work, i n t e r f e r e n c e  wi th  bnsir*ess opera t ions ,  and dam- 

age to pavement w i l l  a l l  occur i n  most s t r ee t  t renching  opera t ions ,  arid 

to a l i m i t e d  ex ten t  i n  tunne l ing  or  bor ing  opera t ions .  Only when 

excavat ion i s  performed be fo re  s t ree ts  &re paved., o r  when a t r ench  i s  

not l oca t ed  i n  a s t r e e t  can t h e  i n d i r e c t  c o s t s  c i t e d  above be  reduced 

or  e l imina ted .  

Such items as t r a f f i c  i n t e r f e rence ,  acc iden t s  

There i s  a l s o  some i n t a n g i b l e  va lue  which can be assigned t o  an 

i n s t a l l a t i o n  where l i t t l e  o r  no future excavat ion w i l l  be  r e q u i r e d  

( e . g . ,  a u t i l i t y  t unne l )  i n  provid ing  new or  expanded services. The 

v a l u e  of t h i s  b e n e f i t  w i l l  probably va ry  wi th  t h z  v a l u e  of  t h e  l and ;  

t h a t  i s ,  i t  would be h igher  i n  downtown areas and r a t h e r  l o w  i n  si ibwban 

housing areas. 

Reduction i n  maintenance expenses t o  t h e  u t i l i t y  companies could 

also be achieved by t h e  use of u t i l i t y  tunnels ,  s i n c e  maintenance a c t i v i -  

t i e s  would n o t  r e q u i r e  c o s t l y  excavat ion.  

p ro t ec t ed  environment i n  the twine1 should reduce t h e  need fo r  maintenance, 

d i scuss ions  wi th  u t i l i t y  companies i n d i c a t e  t h a t  t hey  have no zxper ienre  

t o  confirm t h i s  po in t .  

Although t h e  presence o f  a 

U t i l i t g  s y s t e m s  are  expanding r ap id ly  and t h e r e  are p o s s i b i l i t i e s  

for new u t i l i t i e s  i n  t h e  f u t u r e  which w i l l  have t o  compete for underground 



space.  The e x i s t i n g  t a n g l e  of underground u t i l i t i e s  i n  o lde r  dense 

urban ereas nay requi re  f u t u r e  i n s t a l l a t i o n s  to  be made below t h e s e  

u t i l i t i a .  I f  so, tunneling might be considered as t h z  best, if not 

t h e  only, way of provid ing  t h e  i n s t a l l a t i o n  space.  Yowever, b a s e d  on 

the f i g u r e s  repor ted  i n  S e c t i o n  6.1, which a r e  summarized in Table G e l J  

t he  c o s t  of t unne l ing  would have t o  be r educed  by a t  l e a s t  a f a c t o r  of  

two t o  t h r e e  before  tunr_elj.ng w i l l  ach ieve  widespread use as a replace- 

ment f o r  t renching .  

T a b l e  4.1 Examples of Cost of  Severa l  
D i f f e ren t  Methods of' Excavat-.i on 

Cost of Excavation or Installation ($/ft) 
Pipe or Tunnel Diameter (fi.) Excavation Mekhod 

5.5 9 
___-____. l__.__.l 

Tunneling 

1 .  In crushed rock or unconsoli- 
da ted sed irnen tiJ1 I 470 

2, Two Chicago tunnels"' 2oa-21 o 
3 .  Sixteen soft ground tunneling 

projects*42 34-160 91-41 

worizdntal ~ o r i n g * *  66-264 108-432 

Trench i ng * *' 60-1 20 - 

*Eased on volume-averaged cosfs of $38.41/cu yd to $183.1 l/cu yd. 

*"Bused on $1-4 per inch diameter/foot of length .Iq 

***Based on Fig. 6.1 for 8- to 16-foot deep trenches. 

Trenching, a l though i t  c r e a t e s  su r face  disturbance, i s  inexpensive.  

New i n s t a l l a f i o n  methods such as plowing-in cac produce a "trench" wi th  

minimum su r face  d i s tu rbance  and wi th  cons iderable  speed. Jo in t  u t i l i t y  

i n s t a l l a t i o n  i n  a common trecch also o f f e r s  +,he p o s s i b i l i t y  o f  reduced 

c o s t .  3ecause of  its cos t  advantages, t r e n c h i n g  fo r  uidergroimd utility 

i n s t a l l a t i o n  w i l l .  cont inue 'io be  t h e  prime method i n  t h e  future except 

i n  s p e c i a l  c i rcumstances where t r ench ing  cannot be  performed. 

, 
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7. c OIJC LUS I OEUCS 

Based on t h e  r e s u l t s  of t h i s  study, t h e  fo l lowing  conclusions can 

be d r a m :  

1. Mormal growth r a t e s  or" u t i l i t y  systems i n d i c a t e  t h a t  large 

amounts of underground i n s t a l l a t i o n  w i l l  occur .  There i s  a l s o  an 

i nc reas ing  demand f o r  p l a c i n g  e x i s t i n g  aer ia l  u t i l i t i e s  underground. 

2. I n s t a l l a t i o n  of u t i l i t i e s  by tunne l ing  methods o f f e r s  a means 

f o r  reducing s u r f a c e  d is turbance .  

3. If u t i l i t i e s  are i n s t a l l e d  (by tufineling methods) a t  depths  

g r e a t e r  than  c u r r e n t  p r a c t i c e ,  t h e r e  w i l l  be increased  problems i n  

making network and s e r v i c e  connect ions.  

)+. I n s t a l l a t i o n  o f  u t i l i t i e s  by tunne l ing  methods i s  more expensive 

a t  t h e  p re sen t  t i m e  than  by t r ench ing  except  a t  depths  t h a t  p rec lude  

t renching-  

5. I f  s e v e r a l  u t i l i t i e s  are  i n s t a l l e d  by t renching,  t h e  use of" a 

common o r  j o i n g  t r e n c h  appears  t o  o f f e r  many advantages.  HowevP-r, c l o s e  

coord ina t ion  i s  r e q u i r e d  i n  t h e  p lanning  and i n s t a l l a t i o n  phases.  

6. I n  new suburcban areas, plowing-in of cab le s  and p ipes  appears  

t o  be  a r e l a . t i ve ly  inexpens ive  and fast rnethod o f  i n s t a l l i n g  u t i l i t i e s .  

. 7. The use of " u t i l i t y  tunnels"  o f f e r s  an  a t t r a c t i v e  s o l u t i o n  t o  

u t i l i t y  problems i n  dense urban areas bu t  t hey  are expensive t o  cons t ruc t .  

8. Conduit systems capable  of con ta in ing  both  cab le s  and p ipes  

may minimize the amaunts of  excavat ion  necessary  f o r  i n s t a l l a t i o n  and 

maintenance. Further studies of  t h i s  concept are r equ i r ed .  

9. I f  a t unne l ing  machine i s  s p e c i f i c a l l y  developed f o r  u t i l i t y  

i n s t a l l a t i o n ,  i t  w i l l  need t o  ope ra t e  p r i n c i p a l l y  i n  s o i l  o r  s o f t  rock, 

i t  would produce mainly small ho les  fo r  i n d i v i d u a l  u t i l i t i e s ,  and i n  

most cases ,  i t  would o p e r a t e  r e l a t i v e l y  c l o s e  t o  t h e  su r face .  

10. I f  small diameter t unne l ing  machines are t o  be considered f o r  

u t i l i t y  i n s t a l l a t i o n ,  s i g n i f i c a n t  developmental  problems i n  t h e  f u n c t i o n a l  

areas of muck and matel-ial. t r anspor t ,  grourid c o n t r o l  and l i n ing ,  excava- 

t i o n  system guidance, remote ope ra t ion  of t h e  system, and i n t e r f e r e n c e  

warning c a p a b i l i t y  w i l l  he  encountered. I n t e g r a t i n g  t h e  mechanisms 

chosen t o  accomplish t h e  necessary Yunctions i n t o  one system will a l s o  

r e q u i r e  an  ex tens ive  devclopment program. 
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APPmDIX A 

UTILITY TUNnLIMG SYSTEN REQUIREMTNTS 

I n t  roduc t i on 

Maintaining and enhancing t h e  q u a l i t y  of the i ;otal  environment i n  

t h e  f ace  of growing u rban iza t ion  i s  an i n c r e a s i n g  na t ior ia l  concern. AS 

s t a t e d  by t h e  Nat iona l  Academy of Sciences,  

o f f e r s  s o l u t i o n s  t o  many of t h e  worst  problems involved i n  the e rad ica -  

t i o n  of p o l l u t i o n  and congest ion now b l i g h t i n g  urban and rura l .  environ- 

ments. I n  add i t ion ,  underground u t i l i t y  c o n s t r u c t i o n  provides enhanced 

h 4 
underground c o n s t r u c t i o n  

p r o t e c t i o n  of s e r v i c e  i n  cases  of s e v e r e  storms and n a t i l r a l  disasters.  4 5 

However, curreiit i n s t a l l a t i o n  p r a c t i c e s  themselves produce  s i g n i f i c a n t  

d i s tu rbances  of zhe s u r f a c e  environment, so improved u t i l i t y  i n s t a l l a -  

t i o n  techniques may be needed t o  p r o t e c t  and upgrade t h e  urban environ- 

ment. 

Because of i n c r e m i n g  demnds on urban u t i l i t y  s e rv i ces ,  systerns 

m u s t  be  expanded w i t h  much of  t h e  expansion imderground. D e t e r i o r a t i o n  

of e x i s t i n g  underground u t i l i t i e s  a l s o  r e q u i r e s  replacement.  F i n a l l y ,  

advances i n  u t i l i t y  technology may b r i n g  about new arid b e t t e r  ways of' 

p rovid ing  urban s e r v i c e s ;  f o r  example, new u t i l i t i e s  such as so l id -was te  

p i p e l i n e s  may become feasible  i n  t h e  fu tu re .  

The expansion and improvement of e x i s t i n g  urban u t i l i t y  systems 

goes on con t inua l ly .  During i n s t a l l a t i o n  of new utility systerns, it  

i s  o f t e n  necessary t o  maintain the  c o n t i n u i t y  of e x i s t i n g  s e r v i c e s  and 

prevent  s eve re  d i s r u p t i o n s  o f  l i v i n g  p a t t e r n s  ill t h e  c o n s t r u c t i o n  area. 

Current  t r ench ing  methods may not  meet t h e s e  c r i t e r i a ,  and a l t e r n a t i v e  

means of i n s t a l l i n g  new and improved u t i l i t y  s e r v i c e s  would be  d e s i r a b l e .  

One a l t e r n a t i v e  would b e  t h e  development of r a p i d  tunne l ing  methods 

t o  p rov ide  t h e  necessary  subsu r face  u t i l i t y  i n s t a l l a t i o n  space. Mechani- 

c a l  t unne l ing  machines have been used, bu t  o p e r a t i o n a l  problems caused by 

equipment wear and f a i l u r e ,  and t h e  h igh  i n i t i a l  c a p i t a l  c o s t  of the 

machines have r e s t r i c t e d  t h e i r  use. I n  order  t o  provide a b e t t e r  under- 

s t and ing  of t h e  problems a s s o c i a t e d  w i t h  machine tunneling, an  a n a l y s i s  



was performed or' system reyuirements t o  i n s t a l l  a c d  maintain a u t i l i t y  

s y s t e m  which i n d i c a t e d  areas where f u t u r e  developments w i l l  be r equ i r ed .  

A. 1 Prograni and System Requirements 

A complete system f o r  t h e  e f f i c i e n t  p r o v i s i o n  of  underground u t i l i t y  

d i s t r i b u t i o n  networks i n  urban areas w i l l  be  s p e c i f i e d .  This system must 

o p e r a t e  with a minirnum d i s r u p t i o n  of  e x i s t i n g  s e r v i c e s  and t h e  s u r f a c e  

environment . 
The system must be capable  of boring ho le s  which range from a f e w  

inches t o  several  Teet i n  s i z e  tlwough t h e  e a r t h  i n  a safe, r ap id ,  con- 

t inuous,  and economic manner. For t unne l s  t h a t  do no t  a l low personnel  

access, the  system must be remotely operated and guided, c a l l i n g  f o r  a 

completely i n t e g r a t e d  combination of propuls ion,  guidance con t ro l ,  e a r t h  

d i s i n t e g r a t i o n ,  muck or s p o i l  removal, ground c o n t r o l  ( l i n i n g )  geo log ica l  

p red ic t ion ,  and i n t e r f e r e n c e  warning c a p a b i l i t i e s .  In s i t u a t i o n s  where 

access  by men i s  necessary  or d e s i r a b l e ,  t h e  system must provide a safe 

working environment. 

A. 2 Funct iona l  Requirements 

As descr ibed i n  t h e  s e c t i o n  "Program and Syscern Requirements," the 

complete system must c a r r y  o u t  the  fol lowing func t ions :  

1. 

2. Transport  o f  Muck and Material, 

3 .  Cont ro l  and  Lining o f  t h e  Ground, 

4 .  

5. 
6. 

7. Geological  P red ic t ion ,  

8. I n t e r f e r e n c e  Warning, and 

9. Environmental C o n t r o l  and Sa fe ty .  

Disintegrat i -on of I n  S i t u  Matter, -- 

m o p u l s i o n  of the Excavation sys t e m ,  

Guidance of t h e  Excavation System, 

Remote Operation of  t h e  System, 

I n  large t unne l s  where men can work, t h e  func t ions  o f  guidance, 

remote operat ion,  g e o l o g i c a l  p r e d i c t i o n ,  and i n t e r f e r e n c e  warning are 

not  as c r i t i c a l  as they  are f o r  non-accessible  tunne l s .  



A . 2 . 1  D e f i n i t i o n  of F u n c t i o n a l  Requirements 

D i s i n t e g r a t i o n  of I n  S i t u  Matter. - This  i s  the m o s t  important 

eleraent of t h z  excavat ion system s i n c e  a l l  o the r  a c t i v i t i e s  await ground 

Because of t h e  w i d e  range. of ho le  s i z e s  t o  be provided, pene t r a t ion .  

more than one method o r  rllechanism may be r equ i r ed .  Eowever, tile d i s -  

i n t e g r a t i o n  equipment must be capable of c u t t i n g  whatever material i s  

encountered under a l l  conditi-ons. 

L 5  

Transport  of Muck and Material. - This func t ion  r e f e r s  t o  t he  

equipment r equ i r ed  t o  remove t h e  borings (muck), b r i n g  a l l  necessary 

supp l i e s  i n t o  t h e  excavation, and provide f o r  personnel  act-ess ( i f  any) .  

The n a t u r e  of t h e  t r a n s p o r t  o r  1-ogis t ics  func t ion  depends on t h e  ground 

p e n e t r a t i o n  m-ethod used i n  advancing t h e  hole or” tunnel ,  t h e  s i z e  of t h e  

excavation, and t h e  l o c a t i o n  of t h e  s t a g i n g  area. 

Con t ro l  and Lining of t h e  Ground. - The func t ion  of ground c o n t r o l  

i s  t o  maintain the i n t e g r i t y  of t h e  opening, p r e f e r a b l y  by t n s t a l l i n g  

t h e  ground c o n t r o l  s t r u c t u r e  ( l i n i n g )  sLmultaneously wi th  t h e  boring. 

Propulsion of t h e  Excavation System. - The purpose o f  t h i s  futiction 

i s  t o  provide t h e  means f o r  advancing t h e  system through t h e  ground. i t ;  

must  supply t h e  t h r u s t  necessa ry  t o  keep the  ground d i s i n t e g r a t i o n  com- 

ponent i n  con tac t  with t h e  f a c e  of t h e  excavation. 

Guidance o f  t h e  Excavation System. - This func t ion  i s  r equ i r ed  t o  

provide t h e  c a p a b i l i t y  OP s t e e r i n g  t h e  excavation system. Included i n  

t h i s  c a p a b i l i t y  are sens ing  and information feedback elemeats t o  assi-st 

remote ope ra to r s  ( i f  any) i n  cont inuously determining sys t e m  l o c a t i o n  

and  d i r e c t i o n ,  and i n  making t h e  necessary adjustments .  

Remote Operation o f  t h e  Excavation System. - This  func t ion  i s  

necessary t o  meet the r equ i r ed  c a p a b i l i t y  of t h e  excavat ion system t o  

bore ho le s  too  small t o  be a c c e s s i b l e  by men. T t  w i l l  provide t h e  neans 

for c o n t r o l l i n g  t h e  o p e r a t i o n  of t h e  i n t e g r a t e d  subsystems or elements 

of t h e  excavat ion system. I n  a c c e s s i b l e  tunnels, t h i s  func t ion  would 

not be  necessary b u t  may s t i l l  be provided. 

Geological  P r e d i c t i o n . -  The a b t l i t y  t o  p r e d i c t  t h e  g e o l o g i c a l  

cond i t ions  some d i s t a n c e  ahead of the boring machine i s  necessary f o r  

s e v e r a l  reasons.  F i r s t ,  i t  would g tve  warning of impending emergency 

s i t u a t i o n s ;  and second, it would reduce excessive c o s t s  and delays 



r e s u l t i n g  from unexpected changes i n  geologic  cond i t ions  i n  t h e  p a t h  

of t h e  tunnel .  

I n t e r f e r e n c e  Warning. - 'The purpose of t h e  interTerence warning 

(1) t o  p r o t e c t  t h e  excavat ion system from t h e  func t ion  i s  two-fold; 

dangers of bo r ing  i n t o  e x i s t i n g  buried u t i l i t y  systems or  o t h e r  under- 

ground s t r u c t u r e s ,  and ( 2 )  t o  prevent  damage t o  t h e  suibswface s t r u c t u r e s  

by i n d i c a t i n g  t h e  presence of such o b s t r u c t i o n s  i n  t h e  pa th  of t h e  

machine. 

Environmental Con t ro l  and Sa fe ty .  - For an  excavat ion system for  

which manned ope ra t ion  i s  r equ i r ed  or  des i r ed ,  t h e  purpose of t h i s  

f u n c t i o n  i s  t o  p r o t e c t  t h e  workers from p h y s i c a l  i n j u r y  and t o  provide 

t h e  necessary l i f e  support  systems f o r  t h e  ope ra to r s .  This f w - c t i o n  

i s  not  c r i t i c a l  when remote ope ra t ion  i s  poss ib l e .  

A.2.2 I n t e r f a c i n g  Functions 

I n  a completely i n t e g r a t e d  system, a l l  furictions can be s a i d  t o  

i n t e r f a c e  wi th  each o t h e r ;  t h a t  i s ,  each component o r  subsystem which 

s a t i s f i e s  some f u n c t i o n a l  requirement must be capable of meeting t h e  

demands imposed on i t  by o the r  components. ilowever, t h e  amount of 

coordinat ion demanded by o the r  subsys t em w i l l  va ry  from component t o  

component. 

facing" o r  dependency between func t ions  may a l s o  be i d e n t i f i e d .  

A s  a r e s u l t  of . t h i s  v a r i a t i o n ,  d i f f e r e n t  "degrees of i n t e r -  

Table A.1 d i s p l a y s  a c l a s s i h c a t i o n  of i n t e r f a c i n g  between t h e  

func t ions  descr ibed above. Three c l a s s i f i c a t i o n $ ,  based on t h e  amomt 

of component coord ina t ion  demanded by o the r  subsystems, are used: 

func t ions  which i n t e r f a c e  (1) highly,  (2)  moderately, o r  ( 3 )  s l i g h t l y .  

The reasons f o r  a s s i g n i n g  the  p a r t i c u l a r  func t ion  i n t e r f a c i n g  

c l a s s i f i c a t i o n s  i n  Table A.l a r e  given below. 

D i s i n t e g r a t i o n  of  I n  S i t u  Matter vs .  Transport  of Muck and Material. - 
Highly i n t e r f a c i n g .  One of t h e  requirements i s  t h a t  t h e  excavation sys- 

t e m  must be capable  of bo r ing  holes  i n  a r a p i d  manner. Limited experience 

wi th  boring machines t o  d a t e  has shown them t o  be i n t e r m i t t e n t l y  capable  

of o u t d i s t a n c i n g  t h e  muck removal equipment. 

t h a t  t h e  muck handl ing system be designed t o  t r a n s p o r t  the  i n  s i t u  matter 

from t h e  t u n n e l  a s  f a s t  as t h e  maximum expected r a t e  of i-emoval from t h e  

f a c e  of t h e  excavation. 

Therefore,  i t  i s  e s s e n t i a l  46 

-- 



Table A .  1 Degree of Interfacing Between Functions 

Transport Propulsion Guidance Remote 
of Muck of the of the 0 pera t i on Geol og i ca I Interference 

and Excavation Ex cava t ion of the Predict ion Warning 
Material System System System 

Control and Environmenta I 

the Ground and Safety 
Function Lining of Controi 

Disi ntegrot i on of  
In Situ Matter 

Highly Moderately Highly Sl ight ly Moderately Highly SI ig  ht I y Highly 

Transport of Muck 
and Material -- Highly Moderately SI ight! y Highly Highly Sl ightly Highly 

-- Control and Lining 
of the Ground 

Propulsion of the -- 
Ex cava t i on System 

Moderately Sl ightiy -H ighl y Highly s I ight l  y Highly 

-- -- Guidance of the 
Ex cava t ion System 

-- Remote Operation 
of the System 

.- H i g h I y Highly Highly Sl ight ly Moderate! y 

.- -- Highl y Highly High I y S I  ight l  y 

G eo1 og i ca I 
Prediction 

Highl y Highly Sl ight ly 

Highl Y Highly 

-- -- 1 nterferen ce 
Warning 

.- -- Highly 
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The l o g i s t i c s  equipment must be well-matched i n  c a p a c i t y  a l so ,  t o  

be a b l e  t o  keep up with t h e  advance of t h e  excavation. 

complicated logis t i c s  p-roglern e x i s t s  when t h e  excavation opening i s  

wi th in  t h e  conf ines  oP a major urban area. I n  t h i s  case, s t a g i n g  con- 

s i d e r a t i o n s  such as s t o c k p i l i n g  c o n s t r u c t i o n  rn2terials can be as impor- 

t a n t  as t h e  underground l o g i s t i c s  problem. 

An e s p e c i a l l y  

D i s i n t e g r a t i o n  of I n  S i t u  Matter vs. Cont ro l  and Lining of tine 

Ground. - Moderately i n t e r f a c i n g .  The r a t e  a t  which primary g o a n d  

support  s t ruc t c l r e  must be  suppl ied and e r e c t e d  depends on t h e  r a t e  a t  

which t h e  excavation i s  advanced; the mount  of l i n i n g  r equ i r ed  may 

depend somewhat on the  method used t o  advance the turinel. However, t h e  

major f a c t o r  a f f e c t i n g  the ground c o n t r o l  system i s  t h e  kind of ground 

through which t h e  excavat ion i s  being made. 

D i s i n t e g r a t i o n  of I n  S i t u  Matter vs .  Propuls ion of t h e  Excavation 

System. - Highly i n t e r f a c i n g .  The p ropu l s ion  system must supply t h e  

t h r u s t  necessary t o  keep the ground d i s i n t e g r a t i o n  component i n  e f f e c t i v e  

con tac t  w i th  t h e  f a c e  of t h e  excavation. 

D i s i n t c g r a t i o n  of I n  S i t u  Matter vs .  Guidance of t h e  Excavation 

System. - S l i g h t l y  i n t e r f a c i n g .  The need For guidance c o n t r o l  does not 

depend on the  method used f o r  d i s i n t e g r a t i n g  t h e  ground, pe r  s e ;  however, 

fas t ,  p r e c i s e  methods are needed t o  guide systems t h a t  a re  capable  of 

high r a t e s  of  p e n e t r a t i o n .  

-- 

D i s i n t e g r a t i o n  of I n  S i t u  Matter vs. Remote Operation of t h e  

System. - Moderately i n t e r f a c i n g .  The kind of ground d i s r n t e g r a t i o n  

component employed w i l l  have some, bu t  no t  a c o n t r o l l i n g ,  i n f l u e n c e  on 

the  na tu re  of t h e  remote ope ra t ion  func t ion .  

D i s i n t e g r a t i o n  of I n  S i t u  Mat t e r  vs. Geological  P red ic t ion .  - 
Highly i n t e r f a c i n g .  Because t h e  f u n c t i o n  of geo log ica l  p r e d i c t i o n  

involv2s f o r e c a s t i n g  the  kind of rnatter expected bo be  encountered 

along t h e  r o u t e  of t h e  excavation, i t  h a s  a d i r e c t  bea r ing  on t,he 

s e l e c t i o n  of t h e  means used t o  p e n e t r a t e  t h a t  matter. 

D i s i n t e g r a t i o n  of I n  S i t u  Matter vs. I n t e r f e r e n c e  Warning. - 
S l i g h t l y  i n t e r f a c i n g .  Although t h e s e  two requirements s h a r e  l i t t l e  

f u n c t i o n a l  commonality, t hey  are re la ted  i n  t h a t  t h e  ope ra t ion  o f  one 

must not  i n t e r f e r e  wi th  or i n f r i n g e  upon t h e  ope ra t ion  of t h e  o the r .  
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D i s i n t e g r a t i o n  of In S i t u  Matter  vs. Environmental Control  and 

Sa fe ty .  .- Highly i n t e r f a c i n g .  The method by -dhich i n  s i t u  matter i s  

d i s i n t e g f a t e d  a t  t h e  working face of an excavation has a d i r e c t  bea r ing  

on t h e  type  and kind of environmental  c o n t r o l  a n d  s a f e t y  p recau t ions  

r equ i r ed .  For example, t h e  d r i l l ,  blast, and muck tunne l ing  technique 

r e q u i r e s ,  among o the r  t h ings ,  t h e  handl ing of q u a n t i t i e s  of explosivps,  

removal of l a r g e  q u a n t i t i e s  of noxious gases and dust ,  and t h e  use ai0 

powerf ul, p o t e n t i a l l y  dangerous heavy equipment f o r  handl ing t h e  muck. 

-- 

Transport  of Muck and M a t e r i a l  vs. Cont ro l  and Lining of t h e  Ground. - 
Highly i n t e r f a c i n g .  

t h a t  depends on the a v a i l a b i l i t y  of material i n t e r f a c e s  d i r e c t l y  w i t h  

t h e  t r a n s p o r t  funct ion.  I n  add l t ion ,  t h e  ground c o n t r o l  and muck and 

material h m d l i n g  equipment must  a l l  be compatible w i t h  each o the r  i n  

terms of c a p a c i t y  and t h e  amount of space o r  excavatiorI c ros s - sec t ion  

each occupies.  

Transport  of Muck and Material v s .  Propuls ion of t h e  Excavation 

System. - Moderately i n t e r f a c i n g .  The propuls ion system may provide 

some suppor t ing  func t ion  f o r  t h e  t r a n s p o r t  or muck and ma te r i a l ,  but  

t h i s  w i l l  be only one f a c t o r  i n  s e l e c t i n g  t h e  means of propuls ion f o r  

t h e  excavat ing s y s t e m  

The p o r t i o n  of t h e  ground c o n t r o l  and l iming fut lc t ion 

Transport  of Mu.c’n and Material vs. Guidance of t h e  Excavation 

System. - S l i g h t l y  i n t e r f a c i n g .  These two func t ions  have l i t t l e  i n  

common from t h e  s t andpo in t  of equipment. 

f o r  p r e c i s e  guidance, e s p e c i a l l y  a t  high r a t e s  of advance, t h e  system 

f o r  t r a n s p o r t  of rnuck and m a t e r i a l  cannot be  allowed t o  i n t e r f e r e  f o r  

g r e a t  l e n g t h s  of time wi th  t h e  method use3 t o  a l i g n  arid guide t h e  

excavation system. 

However, because of t h e  need 

Transport  of Muck and M a t e r i a l  vs.  Remote Operation of t h e  System. - 
I 

Highly i n t e r f a c i n g .  For excavat ions t h a t  are t o o  small  t o  permit access  

by m e n ,  t h e  muck and m a t e r i a l  t r a n s p o r t  system must be operated from a 

remote l o c a t i o n .  

Transport  OP Muck and M a t e r i a l  vs .  Geological  P red ic t ion .  - Highly 

i n t e r f a c i n g .  m e n  though t h e s e  two func t ions  do not  have any equipment 

requirements i n  common, they  are neve r the l e s s  c l o s e l y  r e l a t e d .  Information 

obtained by t h e  g e o l o g i c a l  p r e d i c t i o n  functLon w i l l  i n d i c a t e  the  type of 
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muck t h a t  must be handled, and t h e  kind of support  material t h e  system 

must t r a n s p o r t  t o  be used i n  maintaining t h e  i n t e g r i t y  of t h e  opening. 

Transport  of Muck and M a t e r i a l  vs .  I n t e r f e r e n c e  Warning. - S l i g h t l y  

i n t e r f a c i n g .  These two func t ions  have no common o r  c o n f l i c t i n g  r equ i r e -  

ment s .  

Transport  o f  Muck and M a t e r i a l  vs.  Environmental Con t ro l  and Sa fe ty .  - 
Highly i n t e r f a c i n g .  These two func t ions  i n t e r f a c e  d i r e c t l y  i n  several 

ways, as i n  t h e  fol lowing examples: 

1. as mentioned previously,  t h e  use of powerful, p o t e n t i a l l y  

dangerous , heavy equipment f o r  handl ing muck requires 

p recau t ions  t o  prevent  acc iden t s  ; 

2. i f  i n t e r n a l  combustion engines provide power f o r  t h e  muck 

handling equipment, c o n t r o l  of t h e  atmosphere must be 

maintained t o  provide safe b r e a t h i n g  cond i t ions  for t h e  

ope ra to r s ;  and 

t h e  m a t e r i a l  handl ing system must provide t h e  proper kinds 

and amounts of ground support  supp l i e s  t o  keep up wi th  t h e  

advancing tunne l  i n  order  t o  p r o t e c t  workers from such 

dangers as rock f a l l s  and c o l l a p s i n g  walls. 

3. 

Cont ro l  and Lining of t h e  Ground vs. Propuls ion o f  t h e  Excavation 

System. - Moderately i n t e r f a c i n g .  These two func t ions  m u s t  be compatible 

i n  t h a t  the  ground c o n t r o l  and Lining equipment must be capable  of 

i n s t a l l i n g  t h e  necessary support  s t r u c t u r e  a t  t h e  maximum ra t e  a t  which 

t h e  excavat ion system i s  capable  of advancing. There are o t h e r  f w l x t i o n a l  

requirements which a f f e c t  both o f  t hese  systems t o  a g r e a t e r  degree, 

however. These are discussed i n  t h e  next  s e v e r a l  paragraphs. 

Con t ro l  and Lining of t h e  Grouxd vs. Guidance of the  Excavation 

System. - S l i g h t l y  i n t e r f a c i n g .  These two func t ions  have no comon or 

c o n f l i c t i n g  requirements except perhaps t h a t  t he  e r e c t i n g  of ground 

support  s t r u c t u r e  should not  i n t e r f z r e  excess ive ly  wi th  opz ra t ion  of 

t h e  guidance system. 

Con t ro l  and Lining o f  t h e  Ground vs. Remote Operation of t he  System. - 
Highly i n t e r f a c i n g .  For excavat ions t h a t  a r e  too small t o  permit access  

by men, t h c  ground c o n t r o l  and l i n i n g  system must be operated from a 

remote l o c a t i o n .  No i n t e r f a c i n g  exists i n  a c c e s s i b l e  tunne l s  when 

remote c o n t r o l  i s  not  r equ i r ed .  



Cont ro l  and Lining of t h e  Ground vs. Geological  P red ic t ion .  - Highly 

i n t e r f a c i n g .  Information obtained by t h e  geo log ica l  p r e d i c t i o n  funct ion 

will b e  used i n  s e l e c t i n g  t h e  system and materials used t o  s a t i s f y  t h e  

ground c o n t r o l  and l i n i n g  func t ion .  

Con t ro l  and LinTng of t h e  Ground vs .  I n t e r f e r e n c e  Warning. - 
S l i g h t l y  i n t e r f a c i n g .  

requirements.  

These two func t ions  have no comron or c o n f l j  c t i n g  

Con t ro l  and Lining of the Ground vs.  Environmental Con t ro l  and 

Sa fe ty .  - Highly i n t e r f a c i n g .  The purpose of t h e  ground c o n t r o l  and 

l i n i n g  f u n c t i o n  i s  t o  maintain t h e  i n t e g r i t y  of t h e  opening a n d  thus 

enhance the s a f e t y  o f  the workers by p r o t e c t i n g  them from such dangers 

as rock fa l l s  and col lapsir ig  walls. 

Propuls ion of t h e  Excavation System vs. Guidance of t h e  Excavation 

System. - Highly i n t e r f a c i n g .  The guidance system must be  a b l e  t o  

c o n t r o l  t h r  p ropu l s ion  systerzl so t h a t  t h e  exca-qation alignment i s  

mainbai ned. 

Propuls ion of t h e  Excavation System vs. Remote OpzratTon of t h e  

System. --Highly i n t e r f a c i n g .  For excavat ions t h a t  are t o o  small t o  

permit access  by men, t h e  pz.opulsiori s y s t e n  must be operated from a 

remote l o c a t i o n .  No interf 'acirig e x i s t s  i n  a c c e s s i b l e  Lunnels when 

remote c o n t r o l  i s  not r e q u i r e d .  

Propuls ion of t h e  Excavation System vs. Geological  P red ic t ion .  - 
Highly i n t e r f a c i n g .  I n f o r a a t i o n  obtained by t h e  g e o l o g i c a l  p r e d i c t i o n  

func t ion  w i l l  i n f l u e n c e  t h e  o p e r a t i o n  of t h e  propuls ion system. Fac to r s  

such as t h e  kind of material expected t o  be encountered, and t h e  presence 

of d i s c o n t i n u i t i e s  i n  underground formations w i l l  a fPect  the r a t e  a t  

which t h e  excavat ion system can advance. 

Propuls ion of t h e  Excavation System vs.  I n t e r f e r e n c e  Warning. - 
S l i g h t l y  i n t e r € a c i n g .  Some information feedback frora the i n t e r f e r e n c e  

warning system t o  t h e  propuls ion system i s  necessary,  b a t  t h i s  l i n k  i s  

minor compared t o  t h a t  r e q u i r e d  f o r  t h e  geo log ica l  p r e d i c t i o n  func t ion .  

Propulsion of t h e  Excavation System vs. Environmen t a l  Con t ro l  and - 
S a f e t y .  - Moderately i n t e r f a c i n g .  The r e l a t i o n s h i p  of t h e s e  two f iuict ions 

i s  l a r g e l y  dependent on t h e  means chosen f o r  p r o p e l l i n g  t h e  excavation 

system; the choice of an  i n t e r n a l  combustion engine would impose d i f f e r e n t  
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deraaiids on t h e  environmental  c o n t r o l  and s a f e t y  f imc t ion  than t h e  

s e l e c t i o n  of e l e c t r o - h y d r a u l i c  t h r u s t e r s ,  f o r  example. 

Guidance of t h e  Ekcavation System vs. Remote Operation of t h e  

System. - Highly i n t e r f a c i n g .  For excavations tk-at are too small t o  

permit access  by Inen, guidance of t h e  excavation system must be achieve? 

from a r e a o t e  l o c a t i o n .  This  i s  not  t r u e  i n  a c c e s s i b l e  tunne l s  where 

reQote c o n t r o l  i s  not  used. 

Guidance of  t h e  Excavation System vs. Geological  P r e d i c t i o n .  - 
Highly i n t e r f a c i n g .  

func t ion  i s  used t o  make any c o w s e  changes needed t o  a-qoid dangerous 

o r  d i f f i c u l t  cond i t ions  a 

Information obtained by t h e  g e o l o g i c a l  p r e d i c t i o n  

Guidance of t h e  Fxcavation System vs. I n t e r f e r e n c e  Warning. - 
Highly i n t e r f a c i n g .  

func t ion  i s  used t o  make any course changes needed t o  avoid endangering 

t h e  ope ra to r s  o r  damaging ex is t i r ig  u t i l i t i e s  or  s t r u c t u r e s  i n  t h e  path 

of the excavation. 

Information obtained by t h e  inLerference warning 

Guidance of t h e  Excavatiion System vs. Environmental Control and 
I__ 

Safe ty .  - S l i g h t l y  i n t e r f a c i n g .  These two fi inctions have no C G ~ V ~ O ~  or 

conf l i c  t i n g  requirements . 
Hemote Operation of t h e  System vs.  Geological  P red ic t ion .  - 

Highly i n t e r f a c i n g .  The a b i l i t y  t o  opera t e  t h e  excavat ion system from 

a remote l o c a t i o n  requires knowledge of t h e  geology i n  the pa th  of t h e  

excavation. The remote ope ra to r  r e q u i r e s  information about such t h i n g s  

as t h e  kind or" m a t e r i a l  t h e  excavation machine i s  meeting and t h e  

presence of any d i s c o n t i n u i t i e s  t h a t  may r e q u i r e  changes i n  t h e  mode 

of operat ion.  

Remote Operation of t h e  System vs.  I n t e r f e r e n c e  Warning. - 
Highly i n t e r f a c i n g .  

func t ion  i s  used by the remote ope ra to r  t o  make any course changes 

necessary t o  zivotd endangering t h e  operatoys or  damaging exis t t n g  

u t i l i t i e s  o r  s t r u c t u r e s  i n  t he  p a t h  of t he  excavation. 

Information obtained by t h e  i n t e r f e r e n c e  warning 

Remote Operation of t h e  System vs. Environmental Control  and 

Safety. - S l i g h t l y  i n t e r f a c i n g .  Remote operation of t h e  excavation 

systen imp l i e s  t h a t  manned access  Is e i t h e r  not p o s s i b l e  or not r equ i r ed ,  

and e n v i r o n w n t a l  c o n t r o l  and s a f e t y  i s  not c r i t i c a l .  



Geological  B e d i c t i o n  vs. I n t e r f e r e n c e  Warning. - Highby i n t e r -  

facing.  

t h e s e  two func t ions  may Share c e r t a i n  subsystems or components. For 

example, one element used t o  d e t e c t  non-homogeneities i n  underground 

s t r u c t u r e  could supply information t o  both systems. The s y s t e m  would 

then i n t e r p r e t  t h e  information according to t h e i r  f u n c t i o n a l  d e f i n i t i o n s .  

I n  a d d i t i o n  t o  p rov id ing  informetion of a similar nature,  

Geological  P r e d i c t i o n  vs. Environmental Control  and Sa fe ty .  - 
Highly i n t e r f a c i n g .  

func t ion  provides t ime ly  warning o f  dangerous or changicg cond i t ions  

t h a t  could a f f e c t  t h e  s a f e t y  of t h e  excavation system ope ra to r s .  

Information obtained by t h e  g e o l o g i c a l  p r e d i c t i o n  

I n t e r f e r e n c e  Warning vs .  Environmental Control  and Sa fe ty .  - Highly 

i n t e r f a c i n g .  The i n t e r f e r e n c e  warning func t ion  p r o t e c t s  t h e  excavation 

system o p e r a t o r s  by i n d i c a t i n g  t h e  presence of o b s t r u c t i o n s  such as 

o t h e r  u t i l i t y  systems i n  t h e  p a t h  of t he  excavation. 

A.3 Future Development Requirements 

The preceeding sec t jon  o u t l i n e d  t h e  f n i c t i o n s  which must  be 

accomplished by a complete u t i  l i t y  t unne l ing  system. 

t h e  f u t u r e  developmept requirements  fo r  such a system, i t  i s  necessary 

t o  cons ide r  both t h e  c u r r e n t  u t i l i t y  i n s t a l l a t i o n  p r a c t i c e s  described 

i n  S e c t i o n  2, and t h e  requirements for an underground u t i l i t y  d i s t r i b u t i o n  

i n s t a l l a t i o n  system given i n  S e c t i o n  1: of t h i s  r e p o r t .  This cons ide ra t ion  

l e a d s  to t h e  observat ion t h a t  a l a r g e  number of r e l a t i v e l y  small diameter 

t unne l s  w i l l  be r equ i r ed  i f  c u r r e n t  i n s t a l l a t i o n  p r a c t i c e s  a r e  continued, 

and a lesser number of r e l a t i v e l y  l a r g e  tunne l s  i f  m u l t i p l e  u t i l i t i e s  

are t o  be i n s t a l l e d  i n  a common space. (A l a r g e - t u n n e l  i s  defined as 

one which men can e n t e r  and perform useful work; a small t w m e l  j.s one 

which men cannot, enter.  ) 

Tn order t o  def’he 

Furthermore, resul ts  of the underground u t i l i t y  demand slxvey ( s e e  

Appendix B), i n d i c a t e  t h a t  most of t h e  tunne l ing  for  u t i l i t y  i n s t a l l a t i o n  

w i l l  be performed i n  s o i l  ( s o f t  ground c o n s i s t i n g  of mixtures o r  layers 

of gravel, sand, s i l t ,  c l ay ,  unconsolidated rock, e t c . )  i f  i n s t a l l a t i o n  

depth does not exceed about 20 f e e t .  Only i n  c e r t a i n  areas or a t  

extreme depths where s i x h  rock i s  found would a hard rock tunne l ing  
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machine be r equ i r ed .  However, a s o f t  ground tunne l ing  device must be 

able t o  handle l o c a l i z e d  rock o r  large boulders which may be encountered. 

Therefore, i t  appears  t h a t  i f  t unne l s  a r e  t o  be used f o r  u t i l i t y  

i n s t a l l a t i o n ,  many small t unne l s  f o r  i n d i v i d u a l  s e r v i c e  l i n e s  w i l l  be  

needed, they will probably be r e l a t i v e l y  close t o  t h e  surface, and they  

wFll be  l o c a t e d  mainly i n  soil .  o r  s o f t  ground. Or i ly  where t h e  use of 

" u t i l i t y  tunnels"  i s  j u s t i f i e d  w i l l  t h e r e  be a demand f o r  l a r g e  d i a m e t e r  

t unne1.s. 

Tunneling p r a c t i c e s  for l a r g e  diameters are rap5 d l y  being improved 

and mechanized and machine tunne l ing  methods are  cornmonly used i n  s o l 1  

and soft rock. I n  t h e  case  of small t unne l s ,  i t  has bezn stated t h a t  

h o r i z o n t a l  bo r lng  techniques are  adequate f o r  r e l a t i v e l y  s h o r t  d i s t a n c e s  

(up t o  about 500 f t . ;  see Table 3 .3)  i n  s o i l  o r  soft rock. '7 
l i t t l e  e f f o r t  has been d i r e c t e d  toward i n t e g r a t i r i g  t h e  various func t ions  

t o  produce a completely f i n i s h e d  ho le  i n  one ope ra t ion .  

Eowcver, 

Thus s m a l l  diameter t unne l ing  w i l l  p r e sen t  s i g n i f i c a n t  developmental 

problems i n  t h e  fol lowing f u n c t i o n a l  a r eas :  transpol-t of muck and 

material, control and l i n i n g  of t h e  ground, guidance of the excavat ion 

system, remote ope ra t ion  o f  t h e  system, and i n t e r f e r e n c e  warning 

c a p a b i l i t y .  I n  add i t ion ,  i n t e g r a t i r l g  the m-chanisms chosen t o  acconql ish 

t h e  necessary func';ions i n t o  one system will a l s o  r e q u i r e  an ex tens ive  

development program. High system r e l i a b i l i t y  w i l l  a l s o  be r equ i r ed  

because mechanical f a i l u r e  may nzeessitate remoTring t h e  machine from 

an i n a c c e s s i b l e  l o c a t i o n  f o r  maintenance and repair, and t h e  fa i lure  

i t s e l f  could make rernoval vei-y d i f f i c u l t .  



APPEXDIX B 

I n  o rde r  t o  ass is t  i n  i d e n t i f y i n g  requirements f o r  underground u t i l i t y  

i n s t a l l a t i o n s ,  survey information was c o l l e c t e d  about t h e  f u t w e  needs f o r  

u t i l i t i e s  over t h e  next  decade or  two. 

t h e  amounts and kinds of s e r v i c e s  c u r r e n t l y  being provided, e s t ima tes  of 

f u t u r e  growth p r o j e c t i o n s  f o r  t h e s e  se rv ices ,  and t h e  i d e n t i f i c a t i o n  of 

p o t e n t i a l  new u t i l i - t i e s  t h a t  may come i n t o  use. Because excavation 

( e i t h e r  by t r ench ing  or t unne l ing )  must be performed i n  p l a c i n g  u t i l i t i e s  

under t h e  ground, the range of geologic  cond i t ions  t h a t  might be encoun- 

t e r e d  was a l s o  sought.  

Information was requ i r ed  concerning 

Method of Acquiring Data 

A s  a f i r s t .  s t e p  i n  a c q u i r i n g  t h e  inform%tion, various p u b l i c a t i o n s  

were reviewed, i n c l u d i n g  trade cjoirrna.ls, utility co?qany annual r e p o r t s ,  

governmental r e g u l a t o r y  agency r epor t s ,  geo log ica l  surveys, and o t h e r  

r e f e r e n c e  m a t e r i a l .  It was soon discovered tha2 information needed ?rias 

e i t h e r  i n  a form t h a t  was not  e a s i l y  usable or,  as i n  most eases,  non- 

e x i s t e n t .  For example, the United S t a t e s  Geological  Survey prepared a 

s e r i e s  of maps f o r  t h e  Department of T ranspor t a t ion  concerning t h e  

Northeast  Corr idor  High Speed T'ransportation Study. These maps show 

t h e  l o c a t i o n s  of  t unne l s  and qu-arries, and l i s t  r e f e r e n c e s  to  borings 

and bedrock conf igu ra t ions  and s o i l  and rock p r o p e r t i e s .  T h e  map s c a l e  

o f  1:1,500,000 was too  small to show t h e  des i r ed  su r face  de t a i l s  and 

t h e  bo r ing  r e f e r e n c e s  were u s u a l l y  t o o  specific:  to g i v e  a g e n e r a l  p i c t u r e  

of t h e  geology i n  a p a r t i c u l a r  a r ea .  Study of farrns r e q u i r e d  t o  be 

f i l e d  wi th  governmental agencies  such as t h e  Federal Power Commission 

revealed important data about e x i s t i n g  i n s t a l l a t i o n s  and past accomplish- 

ments, b u t  little i n  the way of p l a n s  f o r  f u t u r e  expansions.  

Therefore, i n  order t o  o b t a i n  information about t h e  range of geologic  

cond i t ions  i n  which a u t i l i t y  i n s t a l l a t i o n  system would have t o  operat?,  

t o  provide a basis for es t ima t ing  f u t u r e  demands for utilities, and t80 
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i d e n t i f y  p o t e n t i a l  new u t i l i t i e s ,  8 ques t ionna i r e  was prepared and s a l t  

to pub l i c  works o f f i c i a l s  i n  a l l  p a r t s  of t h e  country.  

To avoid t h e  d i f f i c u l t y  of o b t a i n i n g  d e t a i l e d  geologfc d e s c r i p t i o n s ,  

t h e  respondents were asked t o  r e p o r t  f o r  v a r i o u s  depths whether m a t e r i a l  

g e n e r a l l y  encountered was s o i l ,  s o f t  rock, or hard rock. More d e t a i l e d  

d a t a  about the geology of t h e  c i t i e s  of i n t e r e s t  would, of course, have 

been des i r ab le ,  but it was f e l t  t h a t  fo r  t h i s  a n a l y s i s ,  a s i m p l i f i e d  

s t y l e  of r e p o r t i n g  would be s u f f i c i e n t  and more r e a d i l y  answered by 

nongeologists. 

The ques t ionna i r e  also asked f o r  an eva lua t ion  of t h e  a n t i c i p a t e d  

demand i n  t h e  next twenty years  f o r  u t i l i t y  i n s t a l l a t i o n s ,  i nc lud ing  

those common today and those t h a t  may be developed Fn t h e  f u t u r e .  The 

respondent was requested t o  i n d i c a t e  i f  he thought a dnmand f o r  a p a r t i -  

c u l a r  s e r v i c e  would develop, and, i f  so, t o  e s t ima te  t h e  s i z e  of t he  

demand. Guidelines were suggested f o r  answering t h e  demand question, 

and  space was left for. the a d d i t i o n  of any s e r v i c e s  not l i s t e d .  

The ques t ionna i r e ,  a copy of which i s  reproduced as Fig. B . l ,  was 

mailed t o  p u b l i c  works o f f i c i a l s  i n  100 c i t i e s  throughout, t h e  CCJUntTy. 

The 100 c i t i e s  were s e i e c t e d  from t h e  160 l a r g e s t  Standard Metropol i tan 

S t a t i s t i c a l  Areas+ (SZSAs) of t h e  IJnited S t a t e s .  The SPEAs used i n  the 

survey aTe those l i s t e d  LE t h e  1967 "County and C i k y  Data Book," and are 

based on t h e  l$C7 census figures. 

one c i t y  (e.g. , t he  Albany, New York area a l s o  inc ludes  Schenectady and 

Troy), and i t ?  t h e s e  cases  only one (no t  n e r e s s a r i l y  t h e  l a r g e s t )  of t h e  

c i t i e s  i n  t h a t  SljlsA was s e n t  t h e  quas t ionna i r e .  As a rssult, t h e  survey 

does n o t  n e c e s s a r i l y  inc lude  information on t h e  100 l a r g e s t  cities of 

t h e  U. S., but  i t  should be Yeasonably r e p r e s e n t a t i v e .  Based on 1960 

census data, t h e  populat ion ir! t h e  100 l a r g e s t  SMSAs r e p r e s e n t s  about. 

%Standard Metropol i tan S t a t i s t F c a l  Area (SMSA) : 
s t a t i s t i c a l  agencies t o  u t i l i z e  t h e  same a r e a s  for t h e  p u b l i c a t i o n  of 
genera l -pwpose  statrs t i c s ,  t h e  Bureau of t h e  Budget h a s  e s t a b l i s h e d  
" s t a n d a r d  metropol i tan s t a t i s t i c a l  a r eas . "  Every c i t y  of 50,OOO inha-  
b i t a n t s  or more according t o  t h e  1960 Census of Population or a subse- 
quent s p e c i a l  census p r i o r  t o  December 31, 1965, i s  included i n  a n  SMSA. 
A s  of December 31, 1965, t h e r e  were 224 S E A S  i n  t h e  United S t a t e s .  

Some of the  SEA-s con ta in  m o r e  than 

To permit a l l  federal  



A .  

B. 

C. 

n. 

Geologic  Conditions 

Please check the appropriate space for the type of material general ly encountered i n  
your c i t y  a t  the various depths indicated 

0-20 Ft . 20-50 F t  . 50-1 00 F t .  1. Soil (soft ground consisting of  mixtures - 
orlbyers  of gravel, sand, s i l t ,  clay, 
unconsolidated rock, etc .) -- 

2. Rock ___ 

a .  Soft (shale, sandstone, etc.)  
b.  Hard (granite, etc.)  

_I_ 

Future Services 

Please check any of the fo l lowing underground services for which you think a demand 
may develop in your c i t y  w i th in  the next twenty years, estimating the size of such 
demand as small, medium, or large:" 

1 .  
2. 
3 .  
4. 
5. 
6. 
7. 
8. 
9 .  

Electr ic power distr ibution system 
Te 1 e p hone 
Cen t ra 1 hea t i  n g system 
Centra I air-condit ioning system 
Pressurized sol id-waste disposal system 
Cooxial (TV) cable system 
Pneumatic tube mail  system 
Mater ia l  hand1 ing conveyor system 
Others (please list) 

Name and Address of Person Answering This Questionnaire: 

Please return to: W. C .  Ul r i ch  
Bldg. 4500 NM, Rm. 257J 
O a k  Ridge Nat ional  Laboratory 
Post O f f i ce  Box X 
Oak Ridge, Tennessee 37830 

D e m n d  M a y  
Develop 

"Large Demand: 
Medium Demand: 
Small Demand: 

On  the order o f  the size of exist ing water or sewer system. 
10-25% of large demand. 
Less fhan 10% of large demand. 

E s t  i ma fed 
Size of 

D e m n d "  

~ ~ 

Fig. 13.1 Survey to Determine Kequirenents 
f o r  an Underground U t i l i t y  Installation System 
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55 percent  of t h e  t o t a l  U. S .  population, and t h e  c i t i e s  t o  which ques- 

t i o n n a i r e s  were s e a t  i nc lude  about 25 percent  of t h e  people i n  t h e  U. S .  

Of 100 ques t ionna i r e s  m a i l e d  out, 80 were r e tu rned .  

came from c i t i e s  which con ta in  about 2 1  pe rcen t  o f  t h e  populat ion i n  t h e  

IJ. S. 

These 80 r e p l i e s  

The geographic l o c a t i o n  of t h e  100 l a r g e s t  SMSAs i s  shown i n  Fig.  

B . 2  and i d e n t i f i e d  i n  Table B . 1  which l i s t s  t h e  SbEAs i n  order  of s i z e  

by population. 

The ques t ionna i r e  served another  purpose i n  a d d i t i o n  t o  providing 

information about geology and t h e  f u t u r e  demand f o r  u t i l i t i e s .  A s  r e -  

p l i e s  began coming in ,  te lephone c a l l s  were made t o  t h e  people who 

r e tu rned  t h e  fornls r e q u e s t i n g  a d d i t i o n a l  d a t a  about t h e  s i z e  of p r e s e n t  

u t i l i t y  systems i n  t h e i r  c i t i e s  and p ro jec t ed  or planned i n c r e a s e s  for 

t h e  c u r r e n t  yea r .  

o f f t c i a l s ,  and s i n c e  most sewer and a h igh  percentage of water systems 

a r e  muqicipal ly  owned and operated,  i n i t i a l  emphasis was placed on t h e s e  

u t i l i t i e s .  

Because most of t h e  r e p l i e s  were from p u b l i c  works 

This information was d e s i r e d  f o r  two reasons.  F i r s t ,  because t h e  

ques t ionna i r e  asked f o r  futurre u t i l i t y  demand e s t ima t ions  i n  terms o f  

t h e  s i z e  of e x i s t i n g  water or sewer systems, i t  was necessary to know, 

for example, how many miles  of water mains wer r3  i n s t a l l e d  i n  a p a r t i c u l a r  

c i t y .  Second, it was thought t h a t  t h e  information would be u s e f u l  i n  

ob ta in ing  some kind of c o r r e l a t i o n  between t h e  s i z e  or  e x t e n t  of a u t i l -  

i t y  system, populat ion,  and area served i n  o rde r  t o  a s s i s t  i n  making 

growth p r o j e c t i o n s  . 
I n  a d d i t i o n  t o  water and sewer systems, data  on municipally-owned 

e l e c t r i c  and gas d i s t r i b u t i o n  systems were a l s o  requested.  I f  t h e s e  

s e r v i c e s  were no t  provided by t h e  municipal i ty ,  t h e  names and addresses  

of the  companies supplying t h e s e  u t i l i t i e s  were obtained.  

Because most of the telephone companies i n  t h e  c i t i e s  contacted a r e  

a p a r t  of t h e  B e l l  System of t h e  American Telephone and Telegraph Company 

(AT&T), a d i f f e r e n t  procedure was followed i n  determining t h e  e x t e n t  of 

p re sen t  underground communication f a c i l i t i e s  and planned or pro jec t ed  

i n c r e a s e s .  The B e l l  System i s  separated i n t o  a number of a d m i n i s t r a t i v e  



a reas ,  u sua l ly  c o n s i s t i n g  of a s t a t e .  However, some of t h e  l a r g e r  s t a t e s  

are divided i n t o  s e v e r a l  areas. The c o l l e c t i o n  of t h e  d e s i r e d  i n f o r a a t i o n  

f o r  i n d i v i d u a l  c i t i e s  would r e q u i r e  i? v e r y  ex tens ive  inventory from 

record maps because p rope r ty  account ing i s  done by a d m i n i s t r a t i v e  a r e a s  

r a t h e r  than by c i t i e s .  Therefore, a summary of accomplishments toward 

undergrounding o u t s i d e  p l a n t  f a c i l i t i e s  r e l a t i v e  t o  t o t a l  o u t s t d e  p l a n t  

i n s t a l l a t i o n  fo r  the  e n t i r e  B e l l  System was requested from t h e  New York 

o f f i c e  of AT&T. 

Summary of  Rep l i e s  

Response t o  the  survey was ve ry  good; as noted previously,  of 100 

ques t ionna i r e s  mailed out ,  80 wcrc r e t w n e d .  The rep l ies  a r e  summarized 

i n  F ig .  B.3 where t he  f i g m e s  i n d t c a t e  t h e  t o t a l  number of times each 

i tea  was answered. 

Although 80 ques t ionna i r e s  were r e tu rned ,  only 72 c i t i e s  r epor t ed  

on geologic  cond i t ions .  I iepl ies  shoved t h a t  s o i l  i s  general]-y encoimtered 

i n  68 c i t i e s  (about 95 pe rcen t )  a t  depths of 0 t o  20 f e e t ,  i n  51 (oTier 

71 percen t )  a t  depths of 20 t o  50 feet ,  and i n  25 (approximately h 0  

percen t )  at depths of 50 t o  100 f e e t .  

i n  15 c i t i e s  ( n e a r l y  21 percen t )  a t  o t o  20 f e e t ,  i n  9'7 (about 36 per -  

cen t )  a t  20 t o  50 f e e t ,  and i n  27 (approximately 37 pe rcen t )  a t  50 t o  

100 f o o t  depths.  Fard rock was ind iya ted  less  o f t e n  than e i t h e r  s o i l  

or  soft rock, w i th  11 (about 15 percen t )  of the 72 c i t i e s  l i s t i n g  i t s  

presence a t  depths of 0 to 20 feet ,  18 ( n e a r l y  25 percen t )  a t  20 to 50 
f o o t  depths, and 17 (approxirnately 21-1 percen t )  at depths of 50 t o  100 

f e e t .  The percentages given a r e  somewhat i n c o n s i s t e n t  because more than 

ofie material t - s e  ( i . e .>  s o i l  and rock )  pe r  depth range was checked on 

a number of ques t ionna i r e s .  

S o f t  rock was ind ica t ed  t o  e x i s t  

O f  t h e  80 c i t i e s  which r e tu rned  t h e  forms, only s i x  d i d  not provide 

any e s t ima te  of demand f o r  future s e r v i c e s .  The summary of t h e s e  7L 
r e p l i e s  t o  P a r t  B o f  the ques t ionna i r e  shows e l e c t r i c  power, telephone, 

and c o a x i a l  (TV) cab le  systems r e c e i v i n g  t h e  most "votes". 

the demand f o r  t h e s e  and o t h e r  s e r v i c e s  i s  a l s o  presented i n  Fig. B.3.  

Estirnates of 
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g) New Yurh, N.Y. 

Chicago, I l l .  

@ Lor Angeles - Lony Beacn, Cal 

0 Ptiiladelphia, b. - W.J. 
@ Getroit, Mich. 

8 San Francisco, Cal. 

@ Boston, Mass. 

0 Pittsburgh, Pa. 

8 SL. Louis, M.. - 1 1 1 ,  
@ Washington, D L I .  - Md. - Va. 

@ Clevelatd, Ohio 

@ Baltttnore, ~ d .  

@ Newark, N.J. 
@ Minneapolis - St. Paul, Minn. 

@ Houston, Texas 

(b Buffab, N .Y, 

B) Clncinnatt, OLO - KY.  - ind. 

@ Mtlwaukee, Wts. 

Q ~aters~\- Clifton - Passaic, N.J. 

@ scsttle - Everett, Wash. 
@ Kansas City, &. - Kan. 

@ Dallas, Tex. 

@ San Diego, Cal. 

@ Atlanta, Ga. 

@ Miami, FIa. 

@ Denver, Colo. 

Q indiallapolis, Ind. 
@ New Orleans, La. 
@ Portland, &. -Wash. 

@ Providence - Pavxucket - Warwick, E. - Mass 

@ Sail Bertiadino - ~lverside - Ontario, Cal. 

@ TLme - St .  Perersbdrg, Fla. 
@ Columbus, Ohro 

8 Rochester, N .Y .  
@ Dayton, Ohiu 

@ Louisville, Ky. - - Ind. 

@ San Antunio. Tex. 

43- Anaheim - Santa Ana -Garden Grove, Cal. 

@ Memphis, T a .  - Ark. 

@ Phoenix, Ariz. 

@ Aibany - Scheneciadv -Troy,  N . Y .  
@ San Jose, Cai. 

@ Birmingham, Ala. 

@ Toledo, O&- Mich. 
@ Sacramento, Cai. 

@ Jersey City, N.J. 
@ '&iron, Ohio 

@L horfolk - Portsmouth, Va. 

@ Gary - Hainmond - East Chicago, Ind 

@ Ft. Worth, Tex. 

Q Questionnaire returned 

@ Questionnaire not returned 

@ Syracuse, N . Y .  
@ Hartiord, Conn. 

@ Oklahoma City, Okia. 

@ Youngstown -Warren, Ohio 

@ ~ i o n o ~ u ~ n ,  tiawaii 

@ Springfield - Chicopee - Holyoke, e. - Conn. 

@ Allentown - Bethleliem - Easton, b. - N.J. 

@ Nashville, Tenn. 

@ Grand Rapids, Mich. 

@ Omaha, E. - Iowa 

@ Jacksonville, f l a .  
@ Salk Lake City, Utati 

@ Ric:imottd, Va. 

@ Tulsa, O i i a .  

@ Flint, Micit. 

@ Wilwington, w. - N . J .  - ~ d .  

@ Wichita, Kan. 

@ Harrisburg, Pa. 

@ Knoxvklle, Tenn. 

@ Fresno, Cat. 

@ tdobile. Ald. 

@ Wilkes-Barre - Hazleton, Pa. 

Q Canton, ~ i i i o  

@I ~ r i ~ g e p o r t ,  Cum. 

@ FL. Laudardale - t io~~ywood, Fta. 

8 3- Rome, N.Y 
0 Worcesler, Mass. 

@ Tacoma, Wash. 

@ New Haven, Conn. 

@ G C I  - Rock Island - Moline, !oo- 
Orlaiido. Fla. 

@ Ctiariutte, N.C.  

@ Ei Paso, Tex. 

0 Peoria. III. 
@ Beaumont - Pori Arthur, Tex. 

@ Lansing, Mid i .  

@ Bakersfield, Cal. 

@ ~ o r k ,  Pa.  

@ Bingliamtun, G. - Pa. 

@ Chattanooga, TE. - Ga.  

@ Shreveport, La. 

@ Johnstown, Pa. 

@ Lancaster, Pa. 

@ Spokane, Wash. 
@ ~uiulh - Superior,  inn. - wts  

@ Reading, Pa. 

@ South Bend, Ind. 

@ Corpus Christt, Tex. 
@ Trenton, N.J. 
@ Des Moiiies, Iowa 

Underlining indicates city to which qwstiorinaire 
was sent i f  SMSA contains nmre than one city. 

Table 13.1 The One Hundred  Most-Highly Populated 
Standard Metropol i tan  S ta t ia ' t - ica l  Areas of t h e  United S t a t e s ,  1960 Census 

111. 
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Total of  80 replies 

A .  

B. 

Geologic  Conditions (72 replies) 

Please check the appropriate s p c e  for the type o f  material general ly encountered i n  
your c i t y  a t  the various depths ind icated 

1 .  Soil (soft ground consisting of mixtures 
or layers  of gravel, sand, s i l t ,  clay, 
unconsolidated rock, etc .) 68 51 

0-20 Ft . 20-50 Ft . 50-1 00 Ff. . 

29 
-s_ 

2.  Rock 

a .  Soft (shale, sandstone, e t c . )  15 27 27 
b .  Hard (granite, etc.) 11 18 17 

Future Services (74 replies) 

Please check any of  the fol lowing underground services for which you think a demand 
may develop i n  your c i t y  w i th in  the next twenty years, estimating the size of such 
demand as small, medium, or large:* 

1 .  
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 .  

Electr ic power distr ibution system 
Telephone 
Centra 1 h ea t i n g system 
Centra 1 air-condit ioning sys tem 
Pressurized sol id-waste disposal system 
Coaxial (TV) cable system 
Pneumatic tube mail system 
Mater ia l  hand1 ing conveyor system 
Others 
Sanitary sewer 
Storm sewer ( incl . deep drainage reservoir) 
Water 
Gas 
Street Lighting 
Water recyc l ing for reuse 
Traff ic signal control 
Dra i nl  ines 
Rapid or mass transit (subway, e tc . )  
Truck tunnel 5 

Pedestrian tunnels 

Demand May  
Deve 1 op 

65 
_l_l__ 

64- 
25 
16 
19 
51 
9 
6 

- 
I_ 

II_ 

__ 
- 
I_ 

*Large Demand: 
Medium Demand: 
Small Demand: 

a t h e  order of the size of exist ing water or  sewer system. 
10-25% of large demand. 
Less than 10% of large demand, 

Fig.  B.3 Survey t o  Determine Sequiremegts 
f o r  an Underground Utility Installation System 



The demand s i z e  e s t ima tes  could be used i n  conjunct ion with data  

gathered from c i t i e s  on t h e  s i z e  o r  e x t e n t  of p r e s e n t  water 01- sewer 

systems t o  e s t ima te  t h e  number of miles of f u t u r e  underground s e r v i c e s  

that, may be i n s t a l l e d .  

form, o r  to which no ques t ionna i r e  was s e n t ,  a d i f f e r e n t  procedure for 

determining t h e  d e s i r e d  information was developed. 

For c i t i e s  which d i d  not complete o r  r e t u r n  t h e  

For example, a t tempts  a t  c o r r e l a t i n g  t h e  s i z e  or e x t e n t  of p r e s e n t l y  

i n s t a l l e d  systems wi th  co rpora t e  c i t y  a r e a  and populat ion r e s u l t e d  i n  

t h e  r e l a t i o n s h i p s  displayed i n  F igs .  B.4 through 3.7. Various c o r r e l a -  

t i ons  of v a r i a b l e s  (such a s  miles of l i n e s  vs. population, miles of 

l i n e s  vs .  area, arid n i l e s  of 1j.nes vs.  populat ion density-) were attelnpted, 

using d i f f e r e n t  coord ina te  systems, e. g., Car te s i an ,  semi-log, and log- 

log .  The b e s t  c o r r e l a t i o n s  obtained are those shown, i..e., miles of 

l i n e s  vs. co rpora t e  area t i m s  populat ion,  with log-log coordinates .  

Although more information of t h i s  kind i s  needed be fo re  a d e f i n i t i v e  

c o r r e l a t i o n  can be generated,  so7ne j.dea of t he  magnitude of bhe futixne 

demand f o r  underground u t i l i t i e s  can be obtained from t h e s e  p l o t s .  If 

the a n t i c i p a t e d  f u t u r e  area t o  be served and the population. i s  estimated, 

F igs .  3.4 through B.'7 can be used t o  determice t h e  amoimt of a given 

u t i l i t y  required.  For example, a c i t y  with a cl i r rent  populat ion of 

3_C~(3,000 and a n  area of 25 square mil.es would have about 400 miles of 

water l i n e s  ( s e e  F ig .  B . ) J~ ) .  I f  t h e  future a n t i c i p a t e d  growth of t h e  

c i t y  i s  a t o t a l  populat ion of 200,GOO and an a r e a  of  50 square miles, 

about TOO miles of  water l i n e s  w i l l  be requi-red, o r  an i n c r e a s e  of 300 

miles  over t h e  p re sen t  system. Thus, knowing t h e  amount c u r r e n t l y  

i n s t a l l e d ,  an est i rnate  of f u t u r e  needs can be obtained.  These r e l a t i o n -  

s h i p s  may be e n t i r e l y  f o r t u i t o u s ,  however, because t h e  a r e a  of a c i t y  

and i t s  populat ion do not  g e n e r a l l y  co inc ide  with t h e  axyea and populat ion 

served by a p a r t i c u l a r  u t i 1 i . t ; ~ .  Therefore,  t h e  aTea and population 

served must be c l e a r l y  def ined.  Furthermore, a d i s t i n c t i o n  between 

"nunber of custom.ers" and "populat ion served" m u s t  a l s o  be made. A 

water company which s e l l s  water t o  a u t i l l t y  d i s t r i c t  s e rv ing  a large 

subd iv i s ion  or a small. c i t y  may l i s t  the d i s t r i c t  or c i t y  as one "cus- 

tomer" and not i n c l u d e  t h i s  customer i n  i t s  a r e a  served, tendin.g to- 

b i a s  t h e  correl.ati.on. Another d e f e c t  i s  t h a t  soma u t i l i t y  companies 

, 
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Fig .  B.4 Water System Size Correlation 

Fig.  €3.5 Sewer System S i z e  Correlation 



Fig.  €3.6 TJnderground ELe?Lric Power 
D i s t r i b u t i o n  System S i z e  C o r r e l a t i o n  

Fi-g. B.7 Gas D i s t r i b u t i o n  System 
S i z e  C o r r e l a t i o n  
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d o  not know how many miles of l i n e s  they  have i n s t a l l e d ,  o r  where they 

are. 

Conclusions 

Although t h e  ques t ionna i r e  was b a s i c a l l y  s u b j e c t i v e  i n  nature ,  t h e  

r e p l i e s  provide a b a s i s  f o r  making some g e n e r a l  conclusions about the 

r s q u i r a n e n t s  f o r  a n  underground u t i l i t y  i n s t a l l a t i o n  system. 

Answers concerning t,he range of geol.ogic cond i t ions  i n d i c a t e  t h a t  

ground cond i t ions  w i l l  not  be a major d e t e r r e n t ,  except i n  c e r t a i n  a r e a s  

o r  a t  g r e a t  depths, t o  t h z  use of a tunne l ing  system. That i.sJ tungz l ing  

machines or  moles a r e  c i r r e n t l y  a v a i l a b l e  t h a t  can ope ra t e  i n  t h e  type 

of g romd ( s o i l )  which was report ,ed t o  e x i s t  a t  depths of  up t o  20 f e e t  

below t h e  s u r f a c e  i n  about 95 pe rcen t  of t h e  c i t i e s  which r e p l i e d  t o  

the sru-vey. S ince  t h e  m a j o r i t y  of u t i l i t i e s  are p r e s e n t l y  i n s t a l l e d  

above t h i s  l e v e l  ( w i t h  the p o s s i b l e  exception o f  some sewers) , turmels 

cou ld  be placed deep enough t o  av0i.d exist.irig u t i l i t y  systems and s t i l l  

be i n  ground t h a t  i s  r e l a t i v e l y  easy t o  excavate.  

hard-rock tunne l ing  machine f o r  u t i l i t y  i n s t a l l a t i o n  does not appear t o  

be j u s t i f i e d  because of t h e  l i m i t e d  a r e a s  i n  which i t  could be used. 

Developnent of a 

Some concept o f  t h e  amounts and kinds of underground u t i l i t i e s  

expected t o  bit provided dur i .ng  .the next decade 01- two can be gai.ned 

from t h e  a n a l y s i s  of t h e  r e p l i e s  t o  t h e  p o r t i o n  of the ques t ionna i r e  

regarding f u t u r e  s e r v i c e s  which was presented i n  F ig .  B . 3 .  This f i g u r e  

shows t h e  l a r g e s t  es t imated demand f o r  undergrowd u t i l i t i e s  t o  b e  those 

s e r v i c e s  which a r e  now convent ional ly  a e r i a l l y  provided, i .e.,  telephone, 

e l e c t r i c  power d i s t r i b u t i o n ,  a n d  c o a x i a l  (TV) cab le  systems. It i s  not 

easy t o  compare t h e s e  e s t ima tes  with t h e  a c t u a l  e f f o r t  t h a t  i s  bein.g 

c a r r i e d  out  i n  p u t t i n g  u t i l i t i e s  underground, and furthermore, i t  i s  not 

c l e a r  whether .the a s s u m d  t ime tab le  i s  : r e a l i s t i c  or not. For example, 

AT&T r epor t ed  t h a t  during 1969, f o r  t h e  e n t i r e  H e l l  System, 81 percent  

or" t h e  to ta l -  n e w  'building s i t e s  w e r e  served by ou t -o f - s igh t  (undergrou.ad)  

d i s t r i b u t i o n  f a c i l i t i e s ,  and t h e  number of si tes  formerly served by 

a e r i a l  p l a n t s  which hzve been converted to b w i e d  f a c i l i t i e s  was equiva- 

l e n t  t o  nea r ly  16 percent  of t h?  t o t a l  new b u i l d i n g  s i tes .  Although 
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about 57 pe rcen t  of t h e  e x i s t i n g  cab le  p l a n t  i s  s t i l l  a e r i a l ,  64 pe rcen t  

of a l l  c a b l e  p l a n t  a d d i t i o n s  were umderground ( s e e  S e c t i o n  5.1.5). 
N e w  u t i l i t i e s  that m y  come ir?.to gene ra l  use i n  t h e  near future 

are also i d e n t i f i e d  i n  F ig .  B.3.  These appear t o  be  c e n t r a l  heat ing,  

pressurized so l id-was te  disposaS, c e n t r a l  a i r - cond i t ion ing ,  Gonematic 

tube  mail-, and material handl ing conveyor sys-r;ems. Whether t h e s e  

s e r v i c e s  w i l l  be  i n s t a l l e d  by t r ench ing  o r  t unne l ing  i s  impossible  t o  

p red ic t ,  but  presumably erther method could be used. 

Because t r a n s p o r t a t i o n  w&s o u t s i d e  t h e  scope of a s t u d y  of t h e  sys- 

tem deve1.opmeiit r q u i r e m e n t s  f o r  underground u t i l i t y  i n s t a l l a t i o n ,  it 

was d e l i b e r a t e l y  omitted from t h e  questionnaire as a p o t e n t i a l  u t i l i t y  

s y s t m .  However., it waz iricluded on a, Pew replies, as noted in Fi:?. B.3. 

Mthough t h e  survey was not  directly adcivesscd t o  t h i s  po in t ,  there 

appears l i t t l e  i n d i r a t i o n  of long-range p lans  for t h e  coord ina t ion  of 

t h e  i n s t a l - l a t i o n  of u t i l i  t i e s  and unde rg ro~ ind  t r a n s p o r t a t i o n  sys teras a t  

t h i s  t ixe.  
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APPEXDIX C 

CUBRE3TT' COSTS OF UTILITY INSTALLATION AND MAI-nlTENMTCE 

A major problem i n  e v a l u a t i n g  new o r  advanced u t i l i t y  i n s t a l l a t i o n  

systems i s  t h e  l a c k  of useful economic data r ega rd ing  cos t s  of i p s t a l l i n g  

and mziintaining c u r r e n t  wderground d i s t r i b u t i o n  systems. I n s t a l l a t i o n  

c o s t s  can be e s t i m t e d  by designing a s e r i e s  of t y p i c a l  i n s t a l l a t i o n s ;  

however, such designs a r e  expensive if done accurakely,  and many problems 

such a s  the c o s t  of excavat ion a n d  v a r i a t i o n s  i n  g e o l o g i c a l  cond i t ions  

tend t o  make t h e s e  e s t ima tes  of dubious va lue .  One p o s s i b l e  source or" 

d a t a  which might b e  used t o  develop <he necessary cost information for 

l a r g e  s y s t e m  i s  t h e  annual r s p o r t  which u t i l i t y  companies (mostly p r i -  

vate, b u t  i n  some cases  p u b l i c )  a r e  required to file w i t h  state and 

f e d e r a l  r e g u l a t o r y  agencies .  Using t h e  f ' i nanc ie l  and s t a t i s t i c a l  da ta  

i n  t h e s e  r e p o r t s ,  average values car! be develope? f o r  e n t i r e  u t i l i t y  

d i s t r i b u t i o n  systems. The main disadvantages of using t h e s e  sources 

aye t h a t  maintenance c o s t s  cannot be ?solated a s  ii, func t ion  of t h e  s i z e  

of the i t e m  being maintained o r  t h e  type of r e p a i r -  parformed, a n d  t h e  

capital c o s t s  are the h i s t o r i c a l  c a p i t a l  c o s t s .  That i s ,  t hey  a r e  t h e  

book c o s t s  as of t h e  d a t e  of  i n s t a l l a t i o n  and rJot t h e  c u r r e n t  r cp lace -  

ment c o s t s  o r  amortized va lue .  A more d e t a i l e d  d c s c r i p t i o n  of th.5 

procedures used i n  o b t a i n i n g  cost data  from t h e s e  sources i s  descr ibed 

i n  a companion r e p o r t .  4 7 

C . l  Water Systems 

Annual r e p o r t s  were obtained for 30 p r i v a t e  cmpanies  loca t ed  i n  

seven states. I n  most cases,  d a t a  covering th ree  consecut ive years  of 

ope ra t ion  were analyzed for each company. The average c a p i t a l  investment 

i n  t h e  d i s t r i b u t i o n  systems was $22,00O/mile ( range of $13,700 to $J&6,000/ 

m i l e ) .  

was $120/rtlile ( r ange  of $30 t o  $630/mile). 

The average annual cost of maintaining t h e  d i s t r i b u t i o n  system 
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Municipal water departments i n  some c i t i e s  a l s o  pub l i sh  a i n u a l  

r e p o r t s .  I n  most cases ,  however, t h e  f i n a n c i a l  data i s  not r epor t ed  j.n 

suff j .c ient  d e t a i l  t o  e s t a b l i s h  d i s t r i b u t i o n  system c o s t s .  

C . 2  Sewer Systems 

A number of s t a t e s  r e q u i r e  t h a t  p r i v a t e  sewer companies r e p o r t  

annual ly  on t h e i r  ope ra t ions .  However, i n  most cases  sewage c o l l e c t i o n  

and t reatment  i s  a raimicigal f u n c t i o n  and r e p o r t s  a r e  not nade t o  state 

agencies .  

arld are not n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  t h e  c o s t s  oLn l a r g e  sewage 

c o l l e c t i o n  systems. As a resul t ,  o the r  sources  would be needed t o  

e s t i m a t e  t h e s e  c o s t s .  

Most of t h e  p r i v a t e  waste c o l l e c t i o n  ope ra t ions  are small, 

One source from which i n f o r a a t i o n  might be obtarned i s  t h e  informal  

annual r e p o r t s  which some m u n i c i p a l i t i e s  issue on tiheLr sewage c o l l e c t i o n  

and t reatment  ope ra t ions .  A major problem i n  using t h e s e  sc)urces i s  t h e  

v a r i e t y  of r e p o r t i n g  methods used by thz  m u n i c i p a l i t i e s  f o r  c a p i t a l  and 

maintenance accGunts, a n d  the f a c t  t h a t  some cons ide r  t h e  customer ser-  

v i c e  connectiop as a p a r t  of t h e  c o l l e c t i o n  system. A s  a r e s u l t ,  i t  has 

not y e t  be tn  p o s s i b l e  t o  adequately develop c a p i t a l  investment o r  ma in -  

tenance c o s t s  for sewers. €?owever., the F e d e r a l  Water Pol.1ution Con t ro l  

Adminis t ra t ion has reported t h a t  it cos t s  aboiit $125 p e r  c a p i t a  t o  

provide sewers i n  urban areas. 2Q 

housing uriits a r e  about 100 f e e t  a p a r t  and con ta in  on che average 3.3 

people, a c a p i t a l  c o s t  of $53,000 per  m i l e  can be obtained. 

Usirzg t h i s  f i g u r e  and e s t ima t ing  t h a t  

C . 3  Matural Gas Systems' 

Annual r e p o r t s  t o  t h e  F e d e r a l  Power Commission do not require 

s t a t i s t i c a l  d a t a  on gas d i s t r i b u t i o n  systems, but r a t h e r  concern them- 

s e l v e s  wi th  t ransmission func t ions .  Flowever, certaLn s t a , t e s  r e q u i r e  

t h e  f i l i n g  o r  annudl r e p o r t s  w i t h  s u f f i c i e n t  data t o  estimate t h e  c o s t s  

a s soc ia t ed  with i n s t a l l a t i o n  and maintenance of rnains i n  gas d i s t r i b u t i o n  

s y s t e m .  Eleven gas companies i n  t h e  s t a t e s  of  New 'Sork, Indiana,  and 

I l l i r i o i s  were analyzed. The average v a l u e  of t he  mains i n  the d i s t r i b u t i o n  
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system was $18,90O/mile ( range  of $9,000 t o  $32, g O O / m i l e ) .  

tenance o f  mains i n  t h e  d i s t r i b u t i o n  system averaged $3kO/mnile ( range  

of $70 t o  $1800/mile). A s  po in ted  out ear l ier ,  i n s t a l l a t i o a ,  b u t  no t  

necessar i ly-  maintenance, e o s t s  i n  t h e  f u t u r e  may be  reduced where 

plowing-in techniques can be  used. I n  genera l ,  however, t h e  cos ts  

r epor t ed  above are f o r  systems i n s t a l l e d  by t renching .  

Annual main- 

C . i i  E l e c t r i c  Power Systems 

E l e c t r i c  power u t i l i t i e s  are r equ i r ed  t o  f i l e  annual  r e p o r t s  w i th  

the  F e d e r a l  Power Commission. Twenty-five d i f f e r e n t  annual. r e p o r t s  

were obtained f o r  Class A e l e c t r i c  companies (over  $2,500,000 in annual  

ope ra t ing  revenue) .  

t h e  miles of underground condui t  and t h e  miles of c a b l e  i n  t h e  under- 

ground d i s t r i b u t i o n  system. However, khe r0iI-e~ of underground cab le  

are  not  separa ted  i n t o  the f r a c t i o n  that  is d i r e c t l y . b u r i . e d  and t h a t  

which i s  i n  conduit. 

condui t  system was $Id+, 000/mile ( range  o f  $lj+, 600 t o  $lO)b ,  000,/m?le) .. 
The c a p i t a l  investment  i n  underground c a b l e  was $12,00O/mile ( range  of 

$4,400 t o  $22,8OO/mile). 

t h e  combined condui t  system and t h e  underground cab le .  

anee averaged $280/cable mile  (range o f  $11.0 to $'(30/mile). 

S t a t i s t i c a l  anb c o s t  da ta  are r equ i r ed  f o r  b o t h  

I n  1967 t h e  average c a p i t a l  invsstrrient i n  t h e  

Annual- maintenance c o s t s  are r epor t ed  f o r  

I n  1967 rnainten- 

C. 5 Telephone Systems 

The F e d e r a l  Communications Commission r e g u l a t e s  t h e  te lephone 

i n d u s t r y  and r z q u i r e s  r e p o r t s  on an  annual  b a s i s .  The l e n g t h  and c o s t  

i n f o r m t i o r ?  requi red  on the  telephor,e d i s t r i b u t i o n  system inc ludes :  

undergroilnd condui t ,  ur-derground c a b l e  i n  t h s  conduit, and the amount 

of bur ied  c a b l e  i a  t h e  s y s t e m  

t h e  'LO l a r g e s t  Telephone systcms ( inc lud ing  a l l  B e l l  Companies) were 

obtajned and analyzed. In terms of c a p t t a l  inves ted ,  t h e  underground 

condui t  averages $32,00O/trench m i l e  ( range  o f  $12,700 to $50,300/mile), 

cab le s  i n  t h e  condui t  have a v a l u e  of $19,50O/rnile ( range  $lLJ700 t o  

$37,009/mile), and i n  t h e  c a s e  of  d i r e c t l y  b u r i e d  cables, t h e  average 

Copies of t h e  report-s f i l e d  i n  1967 f o r  



va lue  i s  $7,600/mii e ( r ange  $1,900 t o  $3)1,00O/mile). 

c o s t s  f o r  uxdergrculid condui t  a r e  $350/crench ?nile ( r ange  860/mile t o  

$72O/mile), f o r  t h e  c a b l e s  i n  t h e  condui t  $:1?,O/mile ( r ange  $ l l O / m i l e  t o  

$70O/mile), and f o r  d i r e c t l y  buried cab le s  $llO/mile ( range $2O/mile t o  

$3 w/mile) . 

Annual msintenance 

C.  6 CAW Systems 

Community antenna t e l e v i s i o n  s y s t e w  are n o t  gene ra l ly  Licensed by 

t h e  FCC nor a r e  annual  r e p o r t s  l i s t i n g  -r inancial  and s t a t i s t i c a l  informa- 

t ior ,  r equ i r ed  t o  be filed a t  p r e s e n t .  

been a t  l eas t  p a r t i a l l y  i n s t a l l e d  urtderground, i n s t a l l a t i o n  and mainten- 

ance c o s t  d a t a  were no t  r e a d i l y  a v a i l a b l e .  

information a t  t h i s  time appears t o  be t h e  i n d i v i d u a l  CATV companies. 

Thus, although some systems have 

The only source of this 

C . 7  C e n t r a l  Heating and Cooling S y s t e m s  

No f e d e r a l  agency r e q u i r e s  t h e  f i l i n g  of r e p o r t s  on c e n t r a l  OT 

d i s t x i c t  h e a t i n g  u t i l i t i e s .  A number of s ta tes  r e q u i r e  r e p o r t i n g  on an 

annual b a s i s ,  am3 c o s t s  based on s t a t e  r e p o r t s  wer? developed f o r  22 

steam h e a t i n g  conpani.es i n  I l l i n o i s ,  New York, Pennsylvania, and Oregon. 

The average v a l u e  f o r  t h e  capital. investment i n  a l l  d i s t r i b u t i o n  syst,ems 

w a s  $220,00O/mile (range of $17,000 t o  $l,100,000/mile). 

range r e p r e s e n t s  systems t h a t  were i n s t a l l e d  inany yea r s  ago when c o s t s  

were lower, and t h e s e  systems a r e  no-t c w r e n t . l y  being expanded. The 

upper range r e p r e s e n t s  companies operatir:g i n  dense urban a r e a s  o r  

systems which are i n s t a l l e d  i n  tunnels ,  with t h e  c o s t  of t h e  t u n n e l  

being included i n  t h e  v a l u e  of t h e  d i s t r i b u t i o n  system. 

ance c o s t s  average $!-i,200/mil.e (range of $400 t o  $13,000/mi-le). 

case t h e  lowest f i g u r e s  a r e  r e p r e s e n t a t i v e  of companies vhi.ch, because 

of a decrease i n  customers, are phasing out t h e i r  steam opera t ions .  

Da.ta on companies using hot  water i n s t e a d  of steam could. not  be loca t ed  

i n  s u f f i c i e n t  number t o  e s t i m a t e  c o s t s  of t h e s e  i n s t a l l a t i o n s .  

The lower 

Annual mainten- 

I n  t h i s  

In t h e  case of  c e n t r a l  coo l ing  operat.ions, data are not a v a i l a b l e  

s i n c e  iio agency r e g u l a t e s  them. 



c.8 Summary 

The preeeeding s e c t i o n s  have presented estimates of t h e  c a p i t a l  

investment and maintenance costs f o r  underground u t i l i t y  d i s t r i b u t i o n  

systems obtainzd from annual  r e p o r t s  of p r i v a t e  u t i l i t y  companies. 

Attempts to develop similar c o s t s  from municipal u t i l i t i e s  have n o t  

been success fu l .  Table C.1 summarizes t he  a v a i l a b l e  cos t  information. 

Not shown i n  Table C . 1  are t h e  c o s t s  of sewers, CATV, and c e n t r a l  coo l ing  

systemsg s i n c e  t h e s e  u t i l i t i e s  a r e  not  normally r equ i r ed  t o  f i l e  reporcts 

t o  r e g u l a t o r y  agenciesJ  o r  the r e p o r t s  i s sued  do not  con ta in  s u f f i c i e n t  

i n f o r n a t i o n  t o  enable  t h e s e  cos t s  t o  be determined. 

Table  C .  1 Average C a p i t a l  Investment and Annual 
Maintenance Costs for P r i v a t e  U t i l i t y  D i s t r i b u t i o n  Systems 

Ut i l i t y  Average Capital Average Annual 
I nves trnent Ma intenan ce Cost 

Water ($/pipe mile) 22,000 120 

Natural Gas ($/pipe mile) 18,000 3 40 

Cenfral Heating ($/pipe mile) 22 1,000 4,200 

Electric Power 

Conduit ($/trench mile) 
Underground Cable ($/cable mile) 

44,000 280* 
12,000 280* 

Telephone 

Conduit ($/trench mile) 32,000 350 
Cable Installed i n  Conduit ($/cable m i l e )  19,500 3 40 
Buried Cable ($/cable mile) 7,600 110 

__̂-I_ ..-- I_- _____- 
*Maintenance costs include both the conduit system and underground cable and are 
reported in this table as $/cable mi le .  

It must be emphasized t h a t  t h e  c o s t s  presented i n  Table C . 1  are for 

systems i n s t a l l e d  a t  widely separated geographic l o c a t i o n s  and a t  d i f f e r e n t  

times. However, s eve ra l  conclusions can be d r a m  from t h i s  t a b u l a t i o n :  

1. C e n t r a l  h e a t i n g  sys  terns r e p r r s e n t  the l a r g e s t  c a p i t a l  i n v e s t -  

ment and maintenance c o s t s  of the  u t i l i t i e s  for which cost data were 

obtained.  This i s  undoubtedly because of t h e  s i z e  of t h e  pipes ,  t h e  



need f o r  insulat , ion and removal of condensate, t h e  provisions for 

accoqodating therraal expansion, arid t h e  fact t h a t  t h e s ?  systems a r e  

mainly l o c a t e d  i n  downtown a r e a s .  

2. The c a p i t a l  investmeril; c o s t s  pe r  mile f o r  water o r  n a t w a l  

gas systems are approximately t h e  same. However, maintenance i s  more 

c o s t l y  f o r  gas systems probably because even sua11 l e a k s  cannot be 

t o l e r a t e d  a n d  must be r e p a i r e d  as soon as they  are detect&. 

3 .  Since a condui t  may con ta in  more than one d u c t ,  the cos t s  pre-  

sented for electric power and te lephone condui t  systems cannot be 

d i r e c t l y  compared. 
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348. Thonias Basich, Public S e r v i c e  Department, 550 N. E r i e  S t r e e t ,  
Toledo, Ohio 143624 
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Samuel S. Baxter,  C o m i s s i o n e r ,  C i t y  of Ph i l ade lph ia  Water 
Dept. , E6unicipal S e r v i c e  Building, Ph i l ade lph ia ,  Pa. 1?lOr( 
Norman R. b e l t ,  Pub l i c  S e r v i c e  C o m i s s i o n  D i s t r i c t  of Columbia, 
Room 204, 1625 Eye S t r e e t  T \ T . W . ,  Washington, D.C.  20006 
H. E. Bergen, C i t y  Manager, Cicy H a l l ,  1501 Trwxturi Avenue, 
Bakersf ie ld ,  Cal. ?33Ol 
J. I. Bien, E l e c t r i c  D i s t r i b u t i o n  Engineering Department, 
Baltiniore Gas and E l e c t r i c  Company, Gas and E l e c t r i c  Bldg., 
Baltimore,  Md. 21203 
E. H. B i l l i c k ,  E n v i r o m e n t a l  Qua l i ty  Control, Housing and 
TJrban Development, Washington, D. C. 20410 
Arthur D. B i r d ,  D i rec to r  of Pub l i c  Works,  Boom 104 C i t y  H a l l ,  
800 C e n t r a l  Avenue, C inc inna t i ,  Ohio 45232 
Charles  Blackburn, D i r e c t o r  of Pub l i c  Works, 125 N. Ma in  St., 
Memphis, Tenn. 38103 
I). E. Dloodgood, Department of Civil Erigineeri ng, Purdiie 
Universi ty ,  Lafayet te ,  Ind iana  
C .  W. Blowers, Div. of PSavigationa1 Development a n d  Regiuaal  
S t u J i e s ,  New Town Planning S t a f f ,  202 M a l l  Bldg., TVA, KnoxviLle, 
Tennessee 
W i l l i a m  R .  Rosse, Departmenr, of Pub l i c  TJGilitfes, 311 C i t y  H a l l ,  
~ 0 - 5  Market S t r e e t ,  ~ t .  Louis, MO. 6331-03 
17. W. Rruggemm., D i r e c t o r  of Publ ic  Works, LO4 s. Iflain S t r e e t ,  
Wichita,  Kansas 6ir202 
I?. Bubernak, C i v i l  Engineering, 1020 MuniclipsL Services Bldg. , 
15 th  and J. F. Kennedy Avenue, Ph i l ade lph ia ,  Pa. 19107 
P h i l i p  BueweLL, Department of Pub3.i c Works, 909 Miiiiicipal Bldg. , 
600 4 t h  Avenue, S e a t t l e ,  Washington 98134 
Myron 13. Calkins,  D i r e c t o r  of Pub l i c  Works, 20th Floor  C i t y  
Hall, 41h E. 12th  Street, Kansas City,  Mo. 64106 
Don Campbell, Chief U t i l i t y  Engineer, Hi?rerside Public U t i l i t i e s ,  
Box 8?6, Rive r s ide ,  Cal. 9501 
Edwin Campbell, Engineering Department, 5 t h  Floor C i t y  H a l l ,  
Youngstown, Ohio 44 502 
Frank Campbell, L o u i s v i l l e  Water Co., 435 S .  Third S t r e e t ,  
Louisvi lie, Ky. jr-020% 
Loyd Casson, Pub l i c  Works Divis ion,  C i t y  Hall, Mobile, Ala. 

Geovge B. Catmul l ,  Dept. of S t r e e t s  and Publ ic  impro-$ernents, 
Zoom 100 C i t y  and County Bldg., Salt Lake City,  TJtah 8 ’ c l O 8  
Darrell. G. Chambless, Engineering Division, 200 N .  Walker A v e . ,  
Oklahoma City, Oklahoma 731.00 
James T. Chapman, Engineering Department, P. 0. Box 8;-1, 
Mobile, Ala. 36601 
Lloyd S .  Christenson, P.E., Department of Pub l i c  Works, Waste 
Water Con t ro l  Divis ion,  5055 M. Washington Ave. , Denver, Colo. 
80216 
E. E .  CJay, U t i l i t i e s  Department, 5851 Kyan Road, San Diego, 

C .  W .  Colernan, C i t y  H a l l ,  95 C o l l j e r  live., Bingharaton, N.Y. 

36601 

mi. 92105 

13 901 



373 Jack Cooker, Bureau  of Engineering,  ROO^ 6 ~ 2  xu.n,cipal , 
166 High Street . ,  Akron, Ohio LA300 

374. John E. Cooper, Jr.,  Delmarva Power and Light C O . ,  600 &fa;r$:et 
S t r e e t ,  Wilmington, Del. .  19801 

375. Robert R. Corbin, C i t y  H a l l ,  C a p i t o l  and Michigan Pave., 
Lansing, Mich. 48933 

376. John E. W. Corey', Executive A s s i s t a n t ,  Mayor's Office, chj.cago, 
I l l i n o i s  60602 

377. S. A.  Cortese,  Department of Pub l i c  Works, 201 Park Terminal 
Bldg .  , Baltimore, Md. 21217 

378. Willian A.  Cos te l lo ,  Municipal Se rv ices  Bldg., 15th and J. F. 
Kennedy Avenue, Ph i l ade lph ia  , Ea - 19107 

37'9. Hampton Couch, Deputy Di-rector o f  Public  Works, C i t y -  H a l l ,  
Main and Harwood Streets, Dallas, Texas 75201 

380. Warren J .  Cremean, D i r e c t o r  of Public Service,  Ci ty  Hall, 
90 W. Broad S t r e e t ,  Columbut, Ohio 43215 

381. F r e d e r i c  A. Davidson, Jr. , Commissioner of Pub l i c  Wac ks, 
Municipal S e r v i c e  Adminis t ra t ion,  Munici-pal Bldg., New York, 
K.Y. l9007 

362-391. 1,. J. Deal., Chief, C i v i l  E f f e c t s  Branch, D iv i s ion  of Biology 
and Medicine, LEAEC, Washington, D.  C .  

392. Anthony W .  Deblaiee, D i r e c t o r  of Publ ic  Works and U t i l i t i e s ,  
C i t y  H a l l ,  1101 S.  Saginaw Avenue, F l i n t ,  Mich. 148502 

393. R .  G .  D e i t r i c h ,  600 Municipal Bldg. ,  Baltimore, Md. 
394. P. G. D ie t e r ,  Jr., D i r e c t o r  of Publ ic  Works, Room 309 Ci ty -  

Couri-ty- E l d g . ,  500 E. San Antonio Ave., El Faso, Texas 79901 
395. Arthur J. DilioGe, Publ-ic Works Department, P.O. D r a w e r  1181, 

Ft .  Lauderdale,  F l a .  33302 

60th S t r e e t ,  Chicago, I l l i n o i s  60637 

N.Y. 1.4202 

396-397. Lloyd A .  Dove, American Fub1i.c Works Associ-ation, 1313 .East 

398. John F. Downing, 502 Ci-ty H a l l ,  65 Niagara Square, Buffalo, 

399. W i l l i a m  D. Von Drehle, Off ice  of C i t y  Engineer, 200 C iv ic  

400. Jack D. Easley, D i r e c t o r  of Pub l i c  Works, C i t y  Hal .1 ,  Oklahoma 

kOl. John E. Emtus ,  Deputy D i r e c t o r  of Pub l i c  Works, Ci.ty Hall, 

402. W. T. Eef t ing,  D i r e c t o r  of P u b l i c  Works, 33lj2 Pan American 

403. Jams S.  English,  D i r e c t o r  of Publ ic  Works, Room 932, 220 Eest 

i!Ob. H. B. Flnger,  A s s i s t a n t  Sec re t a ry ,  Research  and Technology, 

405. S.  P. Fishe r ,  Diamond S t a t e  Telephone Co., ]:-0th and Washiiigton 

4~6. L. C .  Fruto,  C i t y  and County Pub]-ic Works Department, City 

)-r-07. J. P. F u t r e l l ,  Department of Publ ic  Se rv ice ,  Ci.ty H a l l  Park, 

408. Deney J. Geis t ,  Department of Piublic Works, 20th Floor  C i t y  

Center,  Tiilsa, Okal. 71+103 

City,  Okla. 7'100 

801 PS. 1st S t r e e t ,  Sari Jose,  C a l .  9511.0 

Drive, M i a m i ,  Fla. 33133 

Eajrs, Jacksoiiville, Fla. 32202 

Housing and Urban Development, Washington, D.  C .  

~ t s  - , Wilrnington, Del. 19801 

Iiall., ~ o n o ~ . u l u ,  H a w a i i  96813 

Knoxville,  Tenn. 37902 

Hall, 411-k E. 12 th  S t . ,  Kansas City,  140. 64106 
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Roy I. Gentry, D i r e c t o r  of Pu-blic Service,  C i t y  Ball Park, 
Knoxville, Tenn.. 37902 
Merle D .  Geoffrion, P.E. , Wate-r a n d  Sewer Division, Department 
o f  Pub l i c  Works, C i t y  Eall, JacksonvLlle, F la .  3 2 2 E  
Fred Gl.endening, D i r e c t o r  of Pub l i c  Works, Mlmicipal Bldg. , 
251 FJ. Washington Avenue, Phoenix, Ariz. 850ri.3 
Jack M. Graham, D i r e c t o r  of Public Wol'ks, 310 Houston S t r e e t ,  
F o r t  Worth, Texas 76102 
%dph Graham, U t i l i t i e s  Di rec to r ,  Departmect of Pub1j.c Works, 
C i t y  A d n i n i s t r a t i o n  Bldg., San Diego, Cal. 92101 
Sam Granata, Jr., D i rec to r  of Public Works, C i - ty  H a l l ,  San 
Antonio, Texas 782.05 
F. Joseph Gross, Director, Departmerit of P u b l i c  Works, 50 W, 
King S t r e e t ,  York, Pa. 17LL05 
Werner N. G r u n e ,  121.9 Manati Avenue, Cora l  cables, F l o r i d a  3312': 
Paul W. Gulley, C i t y  Engineer, Room 532, ?GO Civ ic  Center, 
Tulsa, Okla . '74 103 
Don L. Habermehl, Department of Publ ic  Works, 104 S.  Main St. , 
Wichita,  Kansas 67202 
George E. Haman, A s s i s t a n t  Pub l i c  War ks Di rec to r ,  190 Waggomi- 
Bldg., 810 Houston St., For t  Worth, Texas 76102 
J .  T. Hanley, Urii-versity of Minnesota, DeparStment of C i v i l  
Engi n e er i ng , M i  n n eap o 1.F s , Mi. nne s o t a 
,Joseph L. Hautnlac, R .A . ,  D i r ec to r ,  Bureau of Bui lding Design, 
Municipal Eldg., N e w  York-, N:Y. lOOC37 
Dale Hawley, C i t y  H a l l ,  1501 Trux tun  Ave., Bakersf ie ld ,  Cal. .  

E. G. Hennig, D i rec to r ,  Department of Publ ic  Works, llO3 S. 
Westmoreland D r i v e ,  Orlando, Fla. 32805 
Robert  R. Hicks, A s s i s t a n t  C i t y  Engineer, 528 City-County S ldg . ,  
Det , rgi t ,  Mich. 43226 
Edmund A.  Rodgkins, Highway Research Engineer, Federal. Highway 
Adminis t ra t ion,  h O 0  Seventh S t r e e t  SW Eoom 34-05, Washington, 

Pl'1i.li.p G. Kolgren, Aksiatarit C i t y  Engineer, Room 303 C i t y  H a l l ,  
221" PJ. F J a l l  Street, Spokane, Washington g p O l  
Robert F. Hopson, D i r e c t o r ,  Department of Puh l t c  Narks, C i t y  
H a l l ,  600 E. Trade S t r e e t ,  C h a r l o t t e ,  N. C .  2823% 
Johri L. Hornbach, C i t y  Engineer, C i t y  H a l l  - 5th Floor, Grand 
Rapids, Mich. 49502 
Wylie C .  Hubbard, S u p e r i n t m d e n t ,  Department of S t r e e t s  arid 
Engineering, C i t y  H a l l ,  Court S t . ,  S p r i n g f i e l d ,  Mass. 01100 
Dear! Hwiter, Ass i s t an - t  Chief Adrninietrattve Off icer ,  City Hall, 
1300 Perdido S tyee t ,  New Orleans, La. ' Y G l l 2  
I l l i n o i s  I n s t i t u t e  of Technology Research ins t i - t u t e ,  Library,  
Chicago, I l l i n o i s  
Ray A. Jackson, Chief of TJti.lity Operations,  101)-!- E. Broad St., 
Richmond, V a .  2321-9 
F ? i l l i . a n z  A. Jacoby, C i t y  Engineer, CiCy HaSl, 435 i-lamilton Ave., 
Allentown, Pa. 18101 
J. C. Jennings,  C i t y  Engineer, BOOP. 207 C i t y  iiall, 93-5 I S t r e e t ,  
Sacremento, ~ a l .  gj8lL 

5 5';- 5 5 
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435, George T. Jeong, Public Works Department, 45 Eyde s t . ,  sari 

436. Leo L. Johnson, D i r e c t o r  of Pub l i c  Works, city ~aii, ~ e , ?  ;+10i!1e3E, 

437. Gene E. Jordan, Pub l i c  Works Di rec to r ,  11114 s. g!J.th S t r e e t ,  

438. Wayne Jumg, Superintendent ,  Department of Pub1i.C T ~ J o ~ ~ . s ,  

1439. Michael M. Klapp, P.E., 31.n'eau. o f  Engineering, C i t y  H a l l ,  

Jt40. Lewis W. Klockner, Jr., D i r e c t o r  of  P i ib l ic  Works, Room 103 

41-11. R.  Kojetinsky, S t ad tbauan t sd i r ek t ion ,  Gruppe Tiefbau m d  

442. H. E. Larson, Direc to r ,  Adminis t ra t ion Se rv ices ,  Department of 

n drancisco,  Cal. 941~2 

Iowa 503C9 

Omaha, pjeb. 68124 

ii-01~~ Jackson S t r e e t ,  Tampa, F l a .  33602 

Des Moines, Iowa 50309 

C i t y  H a l l ,  Trenton, N. J.  08600 

Verkehrswesen, 1082 W i e n ,  A u s t r i a  

Pub l i c  Works, g l0  S e a t t l e  Municipal Bldg., 600 4 t h  Ave. , 
S e a t t l e ,  Washington 98104 

443. R .  1,. Lawrence, Jr., Di rec to r ,  Department o f  Water arid Sewerage, 
Met ropol i tan  Coinrthouse Foorn 201, Nashvi l le ,  Tenri. 37201 

444. Frank C.  Lee, Engin2erin.g Sect ion,  Deparbment of Pub l i c  Works, 
Ci.ty Hall . ,  San Antonio, Texas 78205 

j4dr5. Bernard B. Levy, Chief Adminis t r a t i v e  Of f i ce r ,  Ci ty  Ha.l.1, 
1300 P e r d i d o  S t r e e t ,  New Orleans, La. 70112 

446. Chester  A. Lewis, Ci ty  Hall.,  810 Union S t r e e t ,  Norfol.k, V a .  23510 
4'17. Donald S .  Lichty,  C i t y  Engineering Sureau, C i t y  Ha.11, 1435 Earnilton 

414-8. %'. P i e r c e  Iinaweaver, D i rec to r ,  Department of Pub l i c  Works, 

449. Friend H. Lodg-, D i r e c t o r  o f  Pub l i c  Works, J e f f e r s o n  County 

Avenue, Allentown, Pa. 18101 

600 Municipal  Bldg. , Baltimore, Bid. 21202 

Department of Pub l i c  Works, 401. Fiscal. Court Bldg., Loui sv i l l e ,  
Ky. k02W 

'150. €1. E. Lord ley ,  D i r e c t o r  of Public Tlti l i t ies,  101h E. E r o a d  S t . ,  
Richmond, V a .  23219 

451. A. F. Lowe, Engineering Manager - O u t s i d e  P l a n t  E ' ac i l i t i - e s  
Design, American Telephone and Telegraph Co., 1-95 Broadway, 
New York, N. Y. 10rjOr(  

1452. Carl A. Lund, P.E., Di-rector o f  Pubi ic  S e r v i c e ,  Room 201 C i t y  
Hall, 4 t h  Ave. W. and 1s t  St., Duluth ,  Minn. 55802 

453. R .  E. McKinney, Department of C i v i l  Engineering, Un ive r s i ty  of 
Kansas, Lawrence, Kansas 6&34j-{ 

454. Theodore W .  Mallory, D i rec to r ,  Engi.neering a n d  Water Quality, 
410 West Harr ison St. , S e a t t l e ,  Wash. gil1lg 

455. Walter T.  Malloy, D i rec to r ,  Department of Pub l i c  Works, 311 City 
Hall, 1206 Market S t r e e t ,  S t .  Louis, Mo. 63103 

14-56. Howard E. Mandell, Divi-sion of Engineering, Department OC 
Public  works, 1601 C i t y  H ~ U ,  Buffal.0, N. Y. I.~-IXG 

457. James L. Martin,  Directo:? of Publ.ic Works, C i t y  H a l l ,  2326 Fresno 
St., Fresno, C a l .  93721 

458. James F. Martinek, D i r e c t o r  of Publ ic  Works, 3870 Mulberry, 
Ri-verside, C a l .  92501 

459. P. T.  Matthes, h00 S .  Orange Ave., Department of pub l i c  Works, 
Orlando, F l a .  32805 
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T. E. Maxson, C i t y  Engineer, Department of Pub l i c  Works, 
125 N. Main S t r e e t ,  Memphis, Tenn. 38103 
Paul  McCaj-thy, Engineering Department, C i t y  H a l l ,  95 C o l l i e r  
Ave. , Binghamton, N.Y. 13901 
B. J.  McDaniel, D i r e c t o r  of Pu'nlic Works, P.O. Box 9217, 
Corpus C h r i s t i ,  Texas 78408 
Joseph PI. Montano, 1397 East Eucl id  Ave., L i t t l e t o n ,  Colo. 80120 
D. L. Narver, Jr.,  Holmes and Nai-ver, Ind.  828 Fig-icroa S t . ,  
Los Angeles, C a l i f o r n i a  
P. L. Neff, C i t y  Engineer, C i t y  Hall, 218 Cleveland A v e .  S.W. , 
Canton, Ohio 4L702 
Ray A.  Nixon, D i rec to r  of Pub l i c  Works, Room 303 C i t y  Ball, 
A t l an ta ,  Ga.  30315 
Danie l  A. Okun, School of Pub l i c  Health, Tiniversity of North 
Carol ina,  Box 630, Chapel H i l l ,  !!$orth Caro l ina  2'7511~ 
W i l l i a m  A. Olson, Direc to r ,  Dzpartment of' Pub l i c  Wo~ks, C i t y  
H a l l ,  419 Fulton S t . ,  Peoria ,  111. 61602 
Robert C.  Pace, Design Engineer, Pub l i c  Works Department, 
Room 302 C i t y  H a l l ,  A t l a n t a ,  Ga.  3031.5 
F. L. Parker,  Department OP C i v i l  Engineering, Vanclerbj It 
Universi ty ,  Nashvi l le ,  Tenn. 
W i l l i a m  E. Parkes, S r . ,  P.E., 3332 Pan American Drive, M i a m i ,  
F l a .  33133 
Roger C.  Pate,  P.E., Department of Pub l i c  Works, 2460 C i ty -  
County B l d g .  , 200 E. Washingtor Ave., Ind ianapo l i s ,  I n d ,  l + G P 0 4  
E. L. Pa t t e r son ,  C i t y  Engineer, P. 0. Drawer 1181, F t .  Lauderdale, 
F l a .  33302 
J a c k  F. Pa t t e r son ,  P res iden t ,  Board of Pub l i c  Works, 21160 Ci ty -  
County Bldg. , 300 E. Washington Ave., Indianapol j  s, l n d .  4620L 
E. E. Pickering,  S t a n f o r d  Research i n s t i t u t e ,  333 Ravenswood, 
Menlo Park, C a l i f o r n i a  gjc025 
Thornton P i e r s a l l ,  D i r e c t o r  of  Publ ic  Works, P. 0. Hox 3222, 
Anaheim, Cal. 92803 
Milton Pikarsky, Commissioner, Depar t m e r i  t of Publ ic  Works, 
Room It06 C i t y  H a l l ,  121 N. LaSalle S t . ,  Chicago, ill. 60610 
Herbert  G. P o e r t n x ,  1 6 ~ 5 8 0  honeysuckle Rose, No. 215, H i n s d a l e ,  

C.  D.  Readling, P.E., C i t y  Engineer, C i t y  H a l l ,  600 E -  Trade S t . ,  
Char lo t t e ,  N.C. 28202 
W i l l i a m  G. Ridge, D i r e c t o r  of Engineering Operations, C i t y  Hall, 
Minneapolis, Minn. 55LS5 
Robert P. Kosel le ,  Commtssioner, Department 05 Pub1i.c Works, 
F i f t h  Floor C i t y  Hal l ,  D e t r o i t ,  Mich. 48290 
John C .  S c h e l l ,  C i t y  Engineer, C i t y  Hall, 8 t h  and Washington 
Ave., Reading, Pa. lg01 
Robert Scho t t ,  Chief, Departrnlent of Systems Maintenance, 
725 Poland Ave. , Youngs town, Ohio L)+5O2 
Gilbert ,  M. Schus ter, E i r e c t o r  of Pub l i c  Works, County-City 
Bldg., 930 S.  Tacoma Ave., Tacoma, Wash. 98402 
R .  S. Shannon, Jr., Manager of Publ ic  Works, Room 376 C i t y  and 
County Bl-dg. , 1437 Banricock Ave. , Denver, Colo. 80216 

Ill. 6052s 
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486. Carl F. S h u l t h e i s ,  C i t y  Engineer, 500 Municipal  Bldq., 101 w. 
3rd St., Dayton, Ohio h5401 

-536. A.  R. S i c g e l ,  D i r e c t o r ,  Div is ion  of Envi ronuer_ td  Fac to r s  and 
Public U t i l i t i e s ,  Housing and Urban Development, Washington, 
D .  C .  

C i t y  Hall, Trenton, N. J. 08600 

Authori ty ,  P. 0. Sox 6847, J o u r n a l  Square Stai ior , ,  J e r s e y  
City, N.J. 07305 

539. Earnest  W. Speach, Conmissioner of P u b l i c  Works, C i t y  H a l l ,  
233 E. Washington St., Syracuse, N. Y. 13202 

5 i ~ O .  Marvj-n R. Staven, C i t y  Engineer, Room 700 I n t e r i m  C i t y  H a l l ,  
18 th  and Dodge St., Omaha, Neb. 68102 

SLL.  Karl G. S t e r l ,  Engineer ing D i r e c t o r ,  Department of Pub l i c  
Works, C i t y  Xall, 8 t h  and Washington Ave., Reading, Pa. 19601 

542. H. H. Stirman, D i r e c t o r  of Pub l i c  Works, 305 C i t y  HaU, Main 
and Earwood S t s . ,  Dallas, Texas 75201 

5L3. Leo S t r aus ,  Act ing C i ty  Englneer, Municipal Bldg., 101 W.  3 r d  
S t . ,  Dayton, Ohio 45401 

544. Robert  B. Strong,  D i rec to r ,  Department of PubLic Works, 
700 Al l ens  Ave., Frovidenee, R .  I. 02905 

5k5. W. E. S t r o p e ,  O f f i c e  of  C i v i l  Defense, Department of  t h e  Army, 
Washington, D. C .  

5116. Marshal l  Suloway, Chief Engineer, Department of Public Worhs, 
Bureau of Engineering, Room 600, 320 N. Clark S t . ,  Chi_cago, 

.-. 

53 7. J. A. S i n c l a i r ,  A s s i s t a n t  D i rec to r ,  Div is ion  of Redevel.oplnent, 

538. Robert G. Sobeck, Superintendent ,  Department of  Sewerage 

111. 6061-0 
5L7. Ed Susong, C i t y  Engineer, Municipal  Bldg., 166 High S t . ,  

5ic8. J. A. Swartout,  Union Carbide Corporation, New York, N. Y. 
549. A. E. T a n n e r ,  Pub l i c  Works Department, ’45 H y d e  St., San Fran- 

550. S. M. Ta ta r i an ,  D i r e c t o r  of Public Works, City-County of San 
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